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Only C-L-X 
Sealed Cable Systems 
by Simplex 
Can do so Many Jobs 
so Well 


Simplex C-L-X is a packaged combination of cable and 
an extremely pliable, corrugated metal sheath. It 
requires no separate duct or conduit regardless of 
environment. It is available with steel sheath and 
plastic jacketing; and with copper or aluminum 
sheaths, with or without plastic jacketing. 


j Installation (osts 


By using a single length of 3-conductor 15KV C-L-X 
for both underground and aerial use, a Southeastern 
utility company saved more than 20,000 dollars from 
what it would have cost for a complete underground 
duct system. 


» 4 ’ 
j 1ttach 


Conduit life in this company’s calcium chloride rec- 
lamation building was only 6 to 9 months. The 
conduit was replaced with a C-L-X cable system which 
— after two years of operation, shows no signs of 
deterioration. 


t Liquids and Gases 


An East Coast petroleum tank farm used a C-L-X 
8-conductor cable protected with PVC for direct burial 
in ground that was saturated with oil, gas and water. 
Result: Perfect performance at a sizeable savings 
over conduit systems. 


Only Simplex C-L-X offers you: Exceptional Strength 
... Unequalled Pliability . .. Protection from Liquids 
and Gases... Faster Installation and Lower Costs. 
Send for Illustrated Brochure containing Application 
and Engineering Data. 


SIMPLEX WIRE & CABLE @ 


CAMBRIDGE, MASSACHUSETTS 
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THE COVER: Lockheed Missiles 
and Space Division's static test 
stand in the Santa Cruz Moun- 
tains, Calif., was used for the 
Discoverer re-entry body drop 
tests. Photo shows re-entry 
body the instant following 
separation from the ejection 
cone. Axial instability is al- 
ready apparent in this drop, 
Story on p. 233. 
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SEL-REX RECTIFIER HELPS MAKE 
THE ‘‘LUBES” THAT KEEP MISSILES 
FROM BEING EATEN@ ALIVE! 


At Hooker Chemical Corporation’s Nia- 
gara Falls, N.Y. plant, a Sel-Rex rectifier 
supplies the current for an electrochemical 
operation important to the U.S. Space 
Program. It is production of fluorine, basic 
element of Hooker Fluorolubes®. 

Polymers of trifluoroviny] chloride, Fluoro- 
lubes are made as non-flammable light oils, 
heavy bodied oils and greases. Their job 
is to protect missiles from their own corro- 
sive chemical fuels—the metal-eating, 
highly-destructive action of pure oxygen, 
hydrogen peroxide and concentrated nitric 


acid. 


According to Robert F. Schultz, produc- 
tion manager of Hooker’s Eastern Chemi- 
cal Division, the unit supplying current to 
the 


rupted, trouble-free service. To date, his 


fluorine cells must provide uninter- 
Sel-Rex silicon rectifier “has met all expec- 
tations; it has proven completely reliable, 
presenting no maintenance problems and 


requiring little or no attention.” 


And for your special current needs—for 
reliable, continuous conversion of A.C. to 
D.C 
rectifiers that more than pay for them- 
unequalled dependability and 


choose Sel-Rex, the industry-proved 


selves in 


maintenance-free service. 


Send for 

Free “GUIDE” 

to Industrial 
Rectifier Equipment 


SINCE 


Sv 


} mB a fs @: 


A slippery blanket of Hooker-made Fluorolubes protects missile parts, serves as a 


lubricant, sealant. A Sel-Rex silicon rectifier supplies the current required to make 
fluorine, an essential ingredient. ““Our Sel-Rex rectifier,” states a company official, “has 
given us the high standard of dependable performance required for our operation.” 
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wood, 2 laminated wood, 6 tubular steel, and 3 types of steel 


towers. The average distance between structures is 725 feet. 


ELECTRICAL 





america's BIG-VOLT’ Line 
protected by ALUMOWELD 
OVERHEAD GROUND WIRE 


Like the famed “Big Inch”’ in the oil industry, 
Pennsylvania Electric Company’s “Big Volt,” its new 
460-KV transmission line, represents a bold step forward in 
supplying the growing energy needs of America. 


To protect the highest voltage operational line in 
America from lightning and transient currents, Penelec is 
using Alumoweld Overhead Ground Wire. This dependable, 
low-cost shield wire has three times the electrical conductance 
of steel, is just as strong and weighs 18% less. It has the 
same long life as solid aluminum. 


Alumoweld is the result of the first successful cladding 
of a thick layer of pure aluminum over a high-strength 
steel core. The concentric aluminum covering comprises 25% 
of the cross-sectional area of each wire. Its high strength- 
to-weight ratio—higher than any other overhead ground 
wire—permits stringing with greater mid-span clearance to 
provide maximum lightning protection. Alumoweld’s excellent 
conductivity assures reliable operation of protective relays 
and effectively discharges transient currents to ground. 


Order Alumoweld Overhead Ground Wire and get 
Low-Cost, Long-Life Protection for your transmission lines, 


For more complete Alumoweld data 
send for Engineering Bulletin E.D. 3000. 


COPPERWELD STEEL COMPANY 


WIRE AND CABLE DIVISION Glassport, Pa. 
For Export: COPPERWELD STEEL INTERNATIONAL COMPANY, New York 
Canadian Distributor: NORTHERN ELECTRIC COMPANY LIMITED 


A seven-strand Alumoweld Overhead 
Ground Wire (7 No. 6 Awg wires), 
approximately 2-inch in diameter 
with a breaking strength of over 
22,700 pounds, is used to protect 

the highest voltage transmission 

line in America. 
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ANACONDA 


designs 
and 
makes both 


and EHV cable 


The same engineering teams research, develop and use- 
test both EHV accessories and cable at Anaconda. The 
advantage is clear: no weak links in the system. 

This coordinated effort has another customer benefit 
—special accessory problems can be considered when 
the system is designed. For example: 

One customer needed a semi-stop joint that would 
not only locate faults and isolate any pressure loss in 
HPOF pipe-type cable, but would also let the cable 
move. longitudinally without disrupting the seal or 
crushing the insulation. Anaconda met both require- 
ments with a flexible barrier design that also matched 
cable characteristics perfectly. 

In another typical case, a customer desired a pre- 
assembled termination unit that would provide con- 
trolled bending and fast sealing of pipe-type cable dur- 
ing the difficult pull to the first manhole. Furthermore, 
the customer's operating requirements would allow no 
welding either during or after the pull. Anaconda an- 
swered the problem with a “drop-casing” terminal as- 
sembly that proved to be a unique solution. 

These examples won't necessarily parallel your own 
requirements, but they do demonstrate Anaconda’s 
capacity to develop specialized accessories that meet 
the requirements of the customer and the cable equally 
well. To find out specifically how Anaconda’s Inte- 
grated Approach can solve your EHV accessory prob- 
lem, contact Anaconda Wire and Cable Co., 25 Broad- 
way, New York 4, New York. 60227 


ANACONDA 


for accessories 








New and Improved Pro 


Trip-Cue Tape Recorder... 


A new cartridge tape recorder that 
sounds a recorded signal to cue a sec 
ond recorder to begin its playback will 
also permit multiple units to be auto 
matically started in predetermined s¢ 
quence for continuous playback of 
music, spot announcements, and othe 
broadcast program material. The 
RT-7A is designed to produce two cue 
signals. One is placed on the cue track 
to signal the beginning of a tape pro 
gram in the conventional manner. The 
other is recorded in a different fre 
quency at the end of each recording. 
Sounding of the cue tone signal 
amounts to a command to the second 
recorder to begin playback after the 
Radio Cor 
poration of Imerica, 30 Rockefeller 


Plaza, New York 20, N.Y. 


first unit has run its tape. 


New Potentiometer ... 


rhe component illustrated here is 
called a Stranducer and provides an 
entirely new type of rebalancing el 
ment for the Electronik 1/7 potenti- 
ometer. Superseding the conventional 
slidewire, the Stranducer permits in- 
finite resolution with thermal stability, 
and possesses none of the slidewire’s 
limitations Essentially an_ electro- 
mechanical strain gauge, four looped- 
wire strands in an I-shaped frame form 
the variable resistance legs of the mea- 
sured circuit with their resistance vary- 
ing in proportion to the tension ap 
plied to them. As the pivot arm rocks 
back and forth, tension is increased on 
two of the wires and decreased on the 
others. The arm is linked mechanically 
through sector and strap reduction 
stages and drive cable to the balancing 
Minneapolis Honeywell Re Cu- 
1ves., 


motor. 
lator Co... Wayne ¢ 


Philade lphia 44, Pa. 


Windrim 


Miniaturized Recorder... 


\ new 3-channel quality magnetic 
tape recorder measuring 2 by 4 by 5 
inches and weighing 31 ounces includ- 
records dynamic 
data in the 100- to 5,000-cycle range 


ing 7 ounces of tape, 


for a minimum ot | hour at 174-inches- 
per-second tape speed. By virtue of its 
the PS-303M may be 
attached to an animal, inserted in a 


rugged small size, 


flight suit, or carried in a pocket. Ac- 
curacy olf operation is unaffected by 


position o1 motion. Frequency response 


is flat with negligible flutter and wow 
and a signal-to-noise ratio better than 
30 db. Precision Instrument Co., J011 
Commercial St., San Carlos, Calif. 


Time-Event Sequencer .. . 


Up to eight separate events may be 
triggered from 100 milliseconds to 5 
seconds apart with this latest time- 
Designated TJES-1, 
the set provides relay switch operation 


event sequencer. 
to activate explosions, camera shutters, 


missile countdown procedures, and 
other events in a desired schedule. In 
tervals between each event are indi- 
vidually controlled to an accuracy of 


{tlantic Re- 


search Corp., Alexandria, Va. 


5°, of the dial setting. 


c 


Self-Contained Ultrasonic 
Cleaner . 


Both the generator and cleaning 
tank of this 250-watt unit are housed 
in a 1-piece, polished, stainless steel, 
wrap-around cabinet. Controls are sim- 
ple, with an on-off switch for continu- 
ous operation, an 0- to 15-minute auto- 
matic shut-off timer, and a tuning knob 
and meter. Capacity is 3 gallons. The 
cleaning compartment is 10 by 14 by 6 
inches. National Ultrasonic Corp., 111 
Montgomery Ave., Irvington 11, N.J. 


New Products 


ducts... 


Low-Drain Ampere-Hour Meter ... 


Extremely low power drain coupled 
with inherent lightness and small size 
makes this direct reading ampere-hour 








a, ae 
HATTA 











meter ideal as a battery life indicator 
for portable instruments such as radios, 
tape recorders, medical instruments, 
hearing aids, and radiation detectors. 
Essentially a microcoulometer, the de- 
vice integrates current vs. time by elec- 
trochemical principles, using a mercury 
anode separated from a mercury cath- 
ode by a small electrolytic gap. Under 
an applied voltage, current flow trans- 
fers mercury quantitatively across the 
gap via balanced oxidation-reduction 
reactions. The operation is reversible. 
Curtis Instruments, Inc., 45 Kisco Ave., 
Mount Kisco, N.Y. 


Parametric Amplifier-Converter ... 


Essentially the same design as the 
prototype model developed for satel- 
lite tracking and tropospheric scatter, 
this parametric amplifier-converter al- 
lows an operator to turn up volume of 
uhf signals without increasing static or 
other interference noises. In the Pi- 
oneer IV space probe, the amplifier 
enabled engineers to track the satellite 
for 215,000 miles, while similar track- 
ing equipment without the amplifier 
lost the signal after 50,000 miles. Heart 
of the system is a diffused-junction sili- 
con parametric diode. Since the device 
does not rely upon a metered flow of 
electrons for amplification, noises gen- 
erated by conventional amplifier are 
eliminated, thereby resulting in an 
over-all receiver noise figure between 
15 and 2.0 db. Jnternational Tele- 
phone and Telegraph Corp., Clif- 
ton, N.J. 


(Continued on page 30A) 


ELECTRICAL ENGINEERING 





drawout motor controller 


...2000 to 5000 v 


New SpaceMaker control is the 
first completely new high-voltage 
motor controller in more than a 
decade. It is the first two-high, 2 
to 5 kv control center, and the first 
in its voltage class with complete 
drawout construction for unprece- 
dented safety and accessibility. 


Inspection and maintenance are 
greatly simplified. One man can 
easily roll the carriage from the 
control enclosure for complete ac- 
cessibility. Arc chutes and barriers 
lift out and the pole pieces rotate 
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F IT where 


used 


to expose the contact structure. 


And, SpaceMaker control is com- 
pletely safe. It is impossible to 
come in contact with “live” parts 
because the contactor is connected 
and disconnected with the door 
closed and live line connections 
are isolated by automatic shutters. 

For complete details of the new, 
years-ahead SpaceMaker control- 
ler, call your nearby A-C represent- 
ative. Or write Allis-Chalmers, 
Industrial Equipment Division, 
Milwaukee 1, Wisconsin. A-1406 


Please mention ELECTRICAL ENGINEERING when 


tO g0 


SpoceMaker is an Allis-Chalmers trademark. 
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Mr. R. J. Corsiglia, Electrical Engineer from Hyre Electric Company goes 
over final connections of this 112%2KVA unit with Pete Tomatore, Building 
Electrician for Chicago’s new Morton Salt Building. Mr. K. R. McGinnis, 
Engineer for Graham, Anderson, Probst, and White, Architects, and Sorgel 
representative Mr. L. L. Weldy are discussing the importance of the built-in 
quality of these twin Sorgel units. This installation provides continuous elec- 
trical service for one of the nation’s largest electronic computing systems. 


SORGEL HAS A DRY-TYPE 


TO 

10,000 KVA, 
ALL STANDARD 
AND 
INTERMEDIATE 
VOLTAGES 

UP TO 

15,000 

VOLTS 





Unit above is typical of construction Stock units, such as 75 KVA shown 
for Y%, KVA up to 71 KVA sizes. here, are shipped on day order 
Popular sizes up to 75 KVA both is received. All sizes up to 75 KVA 
single and 3-phase transformers are constructed to be interchange- 
are normally in factory stock. able for floor or wall mounting. 
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HERE'S WHY SORGEL TRANSFORMERS 
MEAN DOLLARS AND SENSE 10 YOU 


Sorgel equipment installs easier, provides unusual relia- 
bility, and operates economically at high efficiency 


More and more Sorgel dry-type transformers are being 
installed daily in new or modernization construction 
for schools, shopping centers, hospitals, industrial 
plants and office buildings of all sizes. Here’s why: 
Contractors prefer Sorgel primarily because of their 
easy installation and reputation for quality. Enclosures 
are self-supporting. Entrance can be made on sides, 
top, bottom or back. Solderless connectors speed up 
terminal wiring, as does roomy compartment. 


Consulting and plant engineers insist on Sorgel qual- 


> —— 
SORGEL 


ity because of high efficiency, and a fully rated load 
operating continuously at a safe temperature. 


Direct advantages of Sorgel equipment to all buyers 
include lower copper loss, lower core loss and the 
lowest sound levels available. Sorgel continuously pro- 
vides the most liberal designs and a coordinated sys- 
tem of either Class B, F, or H insulation with effective 
use of quality materials throughout each transformer 
produced. Take advantage of this unique combination 
of experience and engineering skills by insisting on 
Sorgel quiet quality transformers. 


SORGEL ELECTRIC COMPANY 


Since 1916 the pioneer in the development, manufacturing 


Be COUND-! and application of sound-rated dry-type transformers 


TRANSFORM ERS 


846 WEST NATIONAL AVENUE e MILWAUKEE 4, WISCONSIN 


Experienced sales engineers in principal cities 


TRANSFORMER FOR 


YOUR EVERY NEED 


CLIP AND MAIL FOR 

TECHNICAL BULLETINS. 

{] 611—Transformer Line 

[] 960—Sub-stations 

[] 658—DC Saturable 
Reactors 
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This electrical magnetic pump 
transformer, used with fluid 
lithium, is an example of Sor- 
gel’s engineering abilities to 
handle tough customer designs. 


Please mention ELECTRICAL ENGINEERING 


This 2,000 KVA, 3 phase, 
13;200 volt, unit is typical of 
Sorgel load centers. These 
units are procurable with any 
type or make of switch gear. 
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TEKTRONIX TYPE 516 OSCILLOSCOPE 
Used in Development of High-Speed Welder 


New, high-speed, precision welder developed 

at MAXIM CONTROLS COMPANY utilizes 

a controlled gate pulse—rather than capaci- 

tance decay—for joining high-temperature 
alloy materials, such as those used in manufacturing struc- 
tural “honeycomb”’ cores. 

In development of this new welder the Tektronix Type 516 
Oscilloscope was used for critical timing and amplitude meas- 
urements. It was used by the Project Engineer for monitoring 
the time length of individual welds—since as many as six 
welds can be set to occur simultaneously or any number, 


Dual-Trace, DC to 15 MC 


Type 516 Specifications 
4 Operating Modes 
Both channels electronically switched —either on alternate 
sweeps or at a free-running rate of about 150 kc. Or each channel 
separately. 
Vertical Amplifier 
Frequency Response—dc to 15 mc (at 3 db down). 
Risetime—23 nanoseconds. 
Sensitivity—50 mv/div to 20 v/div in 9 calibrated steps. 
Continuously variable uncalibrated from 50 mv/div to 50 v/div. 
Constant Input Impedance—at all attenuator settings. 
Sweep Range and Magnification 
Linear Sweep—0.2 usec/div to 2 sec/div in 22 calibrated rates. 
Variable uncalibrated from 0.2 usec/div to 6 sec/div. 
Sweep Magnification—5X-magnifier extends calibrated sweep 
rate to 40 nsec/div. 
Triggering Facilities 
Fully automatic or amplitude-level selection (preset or manual) 
on rising or falling slope of signal, with AC or DC coupling, 
internal, external, or line—also, high-frequency sync to 20 mc. 


sequentially—and for observing the constant amplitude and 
width of gate signals—thus assuring uniform bonds at speeds 
up to 2000 welds per second. 

For your own research and development projects, con- 
sider the Type 516 Oscilloscope. Its dual-trace facility—with 
independent controls for each amplifier channel—permits 
you to position, attenuate, or invert the input signals as nec- 
essary for detailed analysis of their relative amplitudes, phase 
differences, time-delay characteristics. Its extremely _re- 
liable performance ideally suits the Type 516 for laboratory 
applications within the dc to 15 mc range. 


Adjusting pulse width and 
height (of welding signal) from 
newly developed Welding Con- 
trol apparatus developed by 
MAXIM CONTROLS COMPANY, 
Portiand, Oregon. 

By observing the dual-trace 
display on the Tektronix Type 
516 Oscilloscope, the Project 
Engineer easily checks a weld- 
ing gate output (lower trace) 
with respect to the trigger 
pulses (upper trace) and quickly 
notes any variations. 


Tektronix Cathode-Ray Tube 
5-inch crt at 4 KV accelerating potential provides bright trace 
on 6 div by 10 div viewing area—each div equals 1 cm. 
Amplitude Calibrator 
11 square-wave voltages, from 50 mv to 100 volts, peak-to-peak, 
available from front panel. 
Regulated Power Supplies 
All critical dc voltages electronically regulated. 
Size and Weight 
13%" high x 9%" wide x 214%" deep—approximately 39 pounds. 


Type 516 Oscilloscope (50-60 cycles). ........ . $1000 
SPECIAL MODELS AVAILABLE 


Type 516 MOD 101 (50-400 cycles) ...... . $1035 


Type 516 MOD 108B (significantly improved writing rate ‘at 
6-KV on 6 div by 10 div viewing area—each div 
equals0.85cm) .... Sk ee ee 


(prices f.0.b. factory) 


For a demonstration of the Type 516 Oscilloscope 
in your own dual-trace (or single-trace) application, 
call your Tektronix Field Engineer. 


Te ktroni IX, In c. P. O. Box 500 * Beaverton, Oregon * Phone Mitchell 4-0161 * TWX—BEAV 311 * Cable: TEKTRONIX 


| cach ag FIELD OFFICES 
f 

f . . 
TEKTRONIX ENGINEERING REPRESENTATIVES 


* Dallas, Texas » Dayton, Ohio 
Area (East | Angeles, Calif. 
Den cottsdale Ariz) 


represented in twenty overseas sntries by qualified engineering organizations, 


e write Tektronix Inc Victoria Ave., St. Sampsons, Guernsey C.l., for the address of the Tektronix Representative in your country. 


VISIT TEKTRONIX AT IRE SHOW BOOTHS 3511-3517. 
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This Top Team of Application Engineers 


Represents You at Bourns! 


Consider this crack Trimpot® engineering group an extension of 
your own staff ...because that’s exactly what it is. Each of these 
men is a graduate engineer; each has extensive experience in 
potentiometer applications; and each is responsible for techni- 
cal subjects within a specific geographic area. The Bourns 
specialist assigned to your region therefore becomes well 
acquainted with your requirements —to help you solve today’s 
problems today! 

Because Bourns offers the widest selection of adjustment poten- 
tiometers in the nation, these men are in the best possible posi- 





NUMBER 12— APPLICATION SERIES 


See us March 20-23 at the 

IRE Show/ Booths 1816-1818. 

tion to steer you to fast answers for your potentiometer needs. 

If modifications or specials are in order, they'll come up with 

sound, low-cost solutions. If your problems require direct engi- 

neer-to-engineer contact on problems involving design, quality 

control, or testing, they'll provide it...on the phone or in 
your office. 


Here, in short, is a group of engineers devoted to giving you 
personal service and personal follow-through on your projects. 
The phone is right there on your desk—call anytime! 


BOURNS 


t 
ES TT 


BOURNS. INC.. TRIMPOT DIVIiBSioOn 
6135 MAGNOLIA AVE... RIVERSIDE, CALIF 


PLANTS RPIVERSIOE 
AMES 1'OoOwa 


CALIFORNIA 
TORONTO CANADA 


Exclusive designers and manufacturers of Trimpot® potentiometers. Pioneers in transducers for position, pressure, acceleration. 
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New contact reliability. Parallel bifur- 
cated contacts, which allow four cur- 
rent paths instead of one, provide 
infinitely greater circuit reliability .. . 
liberally designed so any current path 
carries full relay rating 


At last! ‘“‘Mechanical memory” latch 
as reliable as the relay itself! No ad- 
justment ever needed. Add latch at 
any time. 


New simplified design! Cutaway view 
shows basic simplicity. Coil vacuum 
impregnated to resist damage from 
humidity, vibration, electrical stress. 
Terminals can be screw or spade type. 
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space savingest relay 
you ve ever seen: New 


Cutler-Hammer Compact 300° 


Versatile 300 V. contro/ relay is so reliable it’s permanently sealed! 


Here is the best answer yet to the need for 
an extremely reliable, small-size 300 V, 
6 amp., industrial relay — the new ‘“‘Com- 
pact 300” from Cutler-Hammer. 

Every detail known that affects relay 
reliability has been improved in the ‘“‘Com- 
pact 300.”’ Bifurcated contacts which make 
possible four current paths rather than one, 
add millions of operations to the “Compact 
300’s”’ electrical reliability. 

In fact, we’re so confident of its electro- 
mechanical reliability, we permanently en- 
close the ‘““Compact 300.’’ And, if it should 
be damaged by a fault current, you throw it 
away and replace it with a new one. Its low 
price makes this an economical, practical 
maintenance procedure. 

Now think of the space you can save 
with the ““Compact 300.” It controls up to 


WHAT’S NEW? ASK... 


CUTLER-HAMMER 


eight circuits in panel space only 2” wide 
by 234” high. 2, 3, 4, 6 and 8 poles with any 
combination of N.O. or N.C. contacts are 
available, of course. 

At any time, you can add ‘mechanical 
memory”’ latch with a life equal to the life 
of the relay. No adjustments are ever 
necessary. Contact your Cutler-Hammer 
distributor for details on the ‘Compact 
300” or send for Pub. ED-L079-E228. 


What's new at Cutler-Hammer? 
New, better products, like the 300 V. relay 
are coming steadily from our new, expanded 
plant facilities. We’re ready now to help 
you take care of the great industrial growth 
of the future. If you are planning ahead 
and need electrical control assistance, con- 
tact the nearest Cutler-Hammer sales office, 


| oe 


Laboratory + Subsidiary: Cutler- 


Cutler-Hammer Inc., Milwaukee, Wisconsin « Division: Airborne Instrument 


A CONTROL 
Hammer international, C. A. 


ssociates: Canadian Cutler-Hammer, Ltd.; Cutler-Hammer Mexicana, S. A. 
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“IMAGINATION IS : 
MORE IMPORTANT 


THAN KNOWLEDGE” 
Albert Einstein 


There are some who might argue this point 
with -Einstein. But this much is certain: 
Wherever new knowledge is sought, imagi- 
nation lights the way. And surely, only imag- 
ination of rare quality could have led Einstein 
to formulate his principle of relativity. 


Einstein applied the insight of imagination 
to basic science. But imagination can be just 
@s powerful in the creation and application 
Of technology. And nowhere, perhaps, is 
imagination challenged over so wide a range 
in both science and technology as in the 
problems of electrical communications. 


At Bell Telephone Laboratories, scientists 
and engineers range far and deep in search 
of the answers. They probed deep into solid- 
state physics to discover the transistor prin- 
ciple, and they speculated and synthesized 
in an entirely different area of knowledge 
to create the giant microwave system that 
carries your TV programs across the country. 
They study ways to protect the giant mole- 
cules in plastic cable sheath, and they ex- 
plore the basic information content of speech 
to devise better ways to transmit it. They 
devise ultrasensitive amplifiers to capture 
radio signals from distant places, while they 
conceive and develop new switching systems 
of unprecedented capabilities. Side by side 
with the development of transoceanic cable 
systems they are exploring the possibilities 
of world-wide communications via man- - 
made satellites. — ‘ 


By exploring every pathway to improved 
electrical communications, they have helped 
make your Bell System communications the 

world’s best and they will work to keep it so. 


BELL TELEPHONE LABORATORIES 


WORLD CENTER OF st aah ga 
RESEARCH AND D a 


weet st 
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Quality Appearance 
Quality Operation 


Specify Allen-Bradley’s line of OILTIGHT CONTROL STATIONS 


Allen-Bradley oiltight units and stations harmo- 
nize with the trim lines of modern machine tools 
—they look as if they were a part of the machine. 
Also, from the wide selection of control units, 
you'll be able to satisfy every operating require- 


SS 
Auen.[{A B \weasuey 


Locking Type 
“Start” Button 


Illuminated 
Push Buttons 
with optional 

guard ring 


Standard 
Selector Switch 


Selector 
Push Button 


ment. A-B control units are positively oiltight — 
impossible for oils and cutting fluids to foul the 
contacts. And the silver contacts assure reliable 
operation. The rugged construction and generous 
wiring room of all A-B stations are valued by the 
installation engineer. Insist on Allen-Bradley 
pilot control units and stations— you can’t make 
a mistake! Send for Publication 6090. 


ie? 
} 


push button, also 
made with extended 
head. 


4-WAY SELECTOR 
SWITCH 


Also furnished for 
2-way operation. 


PILOT LIGHT 


FLUSH HEAD WING c 


PUSH BUTTON 


Combines push 
button and selector 
switch, 


PILOT LIGHT 
Transformer or 
full voltage types. 


SELECTOR 


PUSH-TO-TEST 
PILOT LIGHT 


Six different color 
lenses available. 


DOUBLE CIRCUIT 


Has 2 N.O. or 2 N.C. 
sets of contacts. 


@ 


CONVENIENCE 


CLUSTER 
Four lights of 
different colors 
in one unit. 


SWITCH 


With coin slot 
operator. Other 
Operators available. 


RECEPTACLE 
For plugging in 
work light or 
small tools. 
Mushroom Head 

“Stop” Button 





SPECIAL CONTROL CONSOLES 
can be furnished to meet your 
exact operating requirements. 


SIX-UNIT CONTROL STATION 
in die cast aluminum housing. 
Also made with up to 4 verti- 
cal rows with 4 units per row. 


ALLEN -BRADLEY 


Member of NEMA 


QUALITY 
MOTOR 
CONTROL 








Where Reduced Voltage 
Motor Starting 
is Necessary... 













No matter what your reason for reduced voltage 
motor starting may be, Allen-Bradley has the right 
starter. Not only can the power company’s 
requirements be satisfied exactly, but the A-B 
starter will at the same time provide the best possible 
starting conditions for the motor and the driven 
load. At least one of the starters described below 

- will completely satisfy your operating requirements. 

he For more detailed information, send for 

Publication 6088. 











BULLETIN 640 





SISTANCE 
starter for use on 
network systems. 
Resistors inserted 
at starting are cut 
out in definite 
steps. Time inter- 
vals adjustable to 
provide velvet 
smooth starting. 


AUTOMATIC 
me ora 
R 


MANUAL 
STEPLESS 
RESISTANCE 
starter has graph- 
ite compression 
disc resistors for 
velvet smooth 
starting of squirrel 
cage motors. 
Starting of the mo- 
tor is under the 
complete control 
of the operator. 


BULLETIN 740 


AUTOMATIC 
STEPLESS 
RESISTANCE 
starter is not 
equalled for velvet 
smooth motor ac- 
celeration. It will 
satisfy any power 
company require- 
ment. Eliminates 
lamp flicker on net- 
works used for 
power and lighting. 





AUTOMATIC 
RESISTANCE 
starter has graph- 
ite resistors auto- 
matically inserted 
in series with the 
squirrel cage mo- 
tor at starting. 
Resistors can eas- 
ily be adjusted to 
motor and load 
conditions, giving 
velvet smooth 
acceleration. 


BULLETIN 646 


AUTOMATIC 
PART WINDING 
starter for use with 
squirrel cage mo- 
tors having two 
separate parallel 
windings. Madein 
two-step type, and 
three-step type 
with resistance 
connected in the 
line on the first step. 


MANUAL AUTO- 
TRANSFORMER 

starter for use 
where load condi- 
tions or power 
company rules re- 
quire reduced volt- 
age starting. The 
air break starter 
shown has double 
break, silver alloy 
contacts, 


BULLETIN 741 


ALLEN -BRADLEY 


Member of NEMA 


Allen-Bradley Co., 1316 S. Second St., Milwaukee 4, Wis. 
In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 
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“| now-— 

cer tified 

Y rectifiers 
guaranteed 


for 18 months 


You can now get rectifiers that are Some of the precise tests that make cer- 
guaranteed for 18 months to operate at a ___ tification and guarantee possible: physical 
certified level of performance. If any Syn- inspection to JEDEC drawing specifica- 
tron rectifier does not perform as certified tions, electrical tests of specific current 
you will get an immediate replacement ratings, tests for forward drop at rated 
without cost.* current with cell temperature at 25°C, 
Advantages: you know the rectifier you ¢tensive testing of all assemblies at rated 
choose is exactly right for the application. oad conditions. Of course, there are a 
The variables of quality, service life, and host of others. 

reliability are eliminated from design Want more information on the industry’s 
considerations. And you minimize or only certified and guaranteed rectifiers? 
eliminate time-consuming inspections on Complete the coupon today. Find out 
production quantity shipments, why it pays to specify Syntron. 


SYNTRON 


certified SEMICONDUCTORS 


fa ha fa ba fa be fede fc ta fo i fee fa he fe ee fe fe fee KK} 

j thy ; SYNTRON COMPANY, Semiconductor Div.,Dept. EQ-1 , Homer City, Pa. 
* SYNTRON CERTIFIED SEMICONDUCTORS 

All Syntron semiconductors have been tested and inspected to AQL level of 1.0, Please send me Silicon and Selenium Rectifier Dela (Catalog 100) and 

Inspection Level II, and are so certified. Electrical and mechanical tests include: Semiconductor Certification (Bulletin 200). 

e Inspection to the appropriate JEDEC outline drawing 

e Stated PIV for specific current ratings over a range of diode or cell temperatures. 

e Forward drop at rated current and a diode or cell temperature of 25°C. 

¢ Testing of all rectifier assemblies at rated load conditions. 


We guarantee that our semiconductors will meet their certified AQL performance 
~ levels for up to 18 months after shipment provided they are not misused or 
, misapplied. All Syntron semiconductors found to be defective in materials or 


name 


title 


company 


~ 
" workmanship will be replaced at no charge upon return to our plant. a) 
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VISIT OUR BOOTH 2525 AT THE IRE SHOW 
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control center 


panelboard 
enclosed circuit breaker 


New and exclusive from Federal Pacific—Rotary Handle 
circuit breakers—the simplest, safest molded case breakers 
in the industry. Here is the one sure way to eliminate 


troublesome mechanical linkages . . . to forget all external 
mechanisms .. . to be absolutely certain of positive opera- 
tion and true handle indication. Integral cylinder lock and 
locking ring for up to three padlocks are standard on all 
breakers. Federal Pacific breakers can be locked “on” or 
“off” independent of door position. Four frame sizes—15 
to 800 amperes—meet all requirements for panelboards, 
switchboards, control centers and individually enclosed 
circuit bréakers. Write for Bulletin 1425, Dept. FP-4, 
Federal Pacific Electric Company, Newark 1, New Jersey. 
FEDERAL PACIFIC ELECTRIC COMPANY 
s 2 a 





WHAT DO YOU LOOK FOR 
IN CUTOUTS ? 


Most of the cutouts being manufactured today will operate at rated 
voltage, carry rated current, and interrupt a range of fault currents up 
to the maximum for which they are rated. 

These are basic requirements and cannot be compromised. 

But, when you compare the design extras, you get a different picture. 
Some units are stripped, with little attempt to provide any of the nice- 
ties. Others have a few plus features but are short in the critical areas. 
A very few are solid in performance with a well-rounded measure of 
the extras. 

However, even the most dedicated manufacturer is bound by the laws 
of economics. No matter how zealous his attempts may be to produce 
the super-deluxe cutout, costs invariably limit the extent to which extras 
can be added. 

It really boils down to a matter of judgment. The experienced manu- 
facturer, sophisticated in the art of cutout design screens out the frills, 
avoiding a hodge-podge of specious advantages. His product is sound, 
reliable, and easy to handle, with margins of safety beyond the mini- 
mum. 

As always, the buyer must ultimately make the final decision, choos- 
ing the cutout with the features he values most highly. 

To this man we submit our BV-33-F. We believe that it requires 
fewer concessions; that it answers his needs for a sound, dependable 
cutout more satisfactorily than any other being manufactured today. 
And we point to the fact that these features have been incorporated 


without compromising any sound design principles. 


As one of the oldest manufacturers in this field, Southern States has 
pioneered and co-pioneered many of the features now considered neces- 
sary on a modern cutout. Such things as self-locking hinges, sleet hoods, 
positive latching, dropout action, non-ferrous live parts, high pressure 
line contacts, and provisions for easy hookstick handling were standard 
on Southern States cutouts as early as 1931. 

In the last few years such features as the expendable cap, high pres- 
sure contacts, 180° tube stops, bird-proofing, improved link ejectors, 
operating ring for unlatching fuse holder, silver-plated contact surfaces, 
and clamp type universal terminals have been incorporated. 

A careful look at Southern States BV-33-F, can make your decision 
easier when choosing a cutout. 

We welcome your inquiry. For details on this unit refer to Bulletin 
580C or check with our representative. 


IN CANADA: DOMINION CUTOUT CO., LTD., TORONTO 














ARNOLD: 

YOUR H.0. 

FOR MAGNETIC MATERIALS 
AT THE IRE SHOW 


BE SURE TO VISIT OUR EXHIBIT... 


* PERMANENT MAGNETS 


1) 
H NQ Cast Alnico © Sintered Aleies 


¢ Arnox ¢ Vicalloy * Cunife 


~ERMay * MAGNETIC CORES 


Tape Wound Cores of Deltamax, 
A Supermalloy, Permalloy, 
a Supermendur, etc. 


Type “‘C,” “‘E” and ‘‘O” Cores of 
Silectron ¢ Bobbin Cores 


Mo-Permalloy Powder Cores 
¢ Iron Powder Cores * Sendust Cores 
SPECIAL MATERIALS 


Barium Titanates 
¢ Permendur ¢ Vibralloy 


AT THE ARNOLD EXHIBIT: 
Booths 2314-16-18 and 20 


ARNOLD 


SPECIALISTS in MAGNETIC MATERIALS 


THE ARNOLD ENGINEERING COMPANY, Main Office: MARENGO, ILL. 
BRANCH OFFICES ond REPRESENTATIVES in PRINCIPAL CITIES 
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NOW BETTER THAN EVER! 
¢ Narrower by 25% 

e Lighter by 23% 

e Higher basic impulse levels 

¢ Hot spots minimized 

¢ Lower current densities at the contact points 
¢ Low pack temperatures 

¢ Higher inrush current safety factor. 


Specify extended foil construction to 
L | | R obtain all these benefits! 
"For details call, write or wire... 


ALLIS-CHALMERS 


EXTENDED FOIL CAPACITORS A-1423 
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Cross sections of some typical hollow copper conductors produced by Anaconda American Brass Company 


Anaconda makes conductors to meet new needs 
in fluid cooling of windings, bus, and heat sinks 


The high electrical and thermal conductivities of copper 
—the highest among commercial metals—are being uti- 
lized in fluid-cooled conductors to do a host of new jobs. 

Fluid-cooled copper conductors are making possible 
more compact electrical assemblies to handle high cur- 
rent densities and uses are growing rapidly in large elec- 
trical equipment. Generator output, for example, can 
be greatly increased, without increasing frame size, by 
cooling the stator bars. 

In such applications as heat sinks for power rectifiers 
and induction furnace coils—where controlled heat dis- 
sipation is essential—the use of fluid-cooled copper con- 
ductors is a natural. 

Water-cooled windings produce the very high flux 
densities needed in the compact equipment for the 
ceramic magnet manufacturing process. The current 
range in these “solenoids” is from a few hundred to 
about 2000 amperes. 

Of course, the most spectacular applications of fluid- 
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cooled conductors are in nuclear physics magnets. 
These hollow conductors range from tube .182” square 
O.D. x .083 square I.D. to heavy rectangular bars with 
a round core for water cooling. 

TECHNICAL ASSISTANCE. The cross sections of hollow con- 
ductors shown above indicate but a few of the many 
ways in which Anaconda American Brass is shaping 
copper to meet these new needs. Whatever your re- 
quirement, Anaconda specialists will gladly help you 
work out the size and shape best adapted to your needs. 
For such assistance, see your Anaconda American Brass 
representative, or write: Anaconda American Brass 
Company, Waterbury 20, Conn. In Canada: Anaconda 
American Brass Ltd., New Toronto, Ont. 


COPPER PRODUCTS FOR THE ELECTRICAL INDUSTRY 
Anaconda American Brass Company 
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The Role of Electronics 


in National Survival 


New weapons and weapon systems, differing 
radically in concept from our present weaponry, 
are urged as a means to gain a decisive lead 
over the USSR. To achieve this goal, research 
and exploratory development, especially in 
electronics, should be greatly expanded. 


Y TOPIC is one of vital interest to every Ameri- 

can. It is also a subject that is generally not too 

well understood or appreciated. We hear and 
read a lot these days about national survival and the 
strength of our military forces. But most of it concerns 
such things as ballistic missiles, bomber aircraft, nu- 
clear-powered submarines and satellites. We hear very 
little about the fact that the successful operation of all 
these weapons and systems critically depends upon elec- 
tronic devices and systems of fantastic complexity and 
precision—devices and systems, that, in almost every 
case, have pushed electronic technology to the limits of 
the state of the art and sometimes beyond. This eve- 
ning I want to tell you a litthe more about defense 
electronics and its significance in our endeavor to main- 
tain a military strength sufficient to deter communist 
aggression. 

Perhaps the best measure of electronics’ importance 
in defense is the amount of national effort and defense 
dollars being spent in this area. The military depart- 
ments are currently spending around $6 billion a year 
for electronics research, development, engineering and 
production—well over one-half the total national output 
of our great electronics industry and almost one-quartet 
of the total defense expenditure for all research, devel- 
opment, engineering, and production. Even more sig- 
nificant is the fact that approximately 40%, of all mili- 
RDT&E 


electronics. 


tary funds is now going into the area of 


This tremendous military research and en- 


gineering effort employs around 80°, of all the elec- 
tronics scientists and engineers in this country. 


CRUCIAL ROLE OF ELECTRONICS 


OBVIOUSLY I DO NOT HAVE TIME to describe, or even 


list, the hundreds of different research and dey elopment 


programs that make up this vast national effort in 


electronics research and engineering—for instance, ra- 


dar, infrared, computers, communications, acoustics, 


inertial guidance, and electronic components. Nor can | 


Essentially full text of a speech delivered at a joint meeting of the AIEE 
Philadelphia Section and Philadelphia Chap.er, Armed Forces Communi- 
cations and Electronics Association, The Franklin Institute, Philadelphia, 
Pa., Oct. 5, 1960. 


J. M. Bridges is director, Office of Electronics, Office of the Director of 
Defense, Research and Engineering, Washington, D. ¢ 
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J. M. BRIDGES 


take time to explain the vital part played by electronics 
in each of our modern military weapons and systems. 
Instead, let me give just a few specific examples illus- 
trating how critically the success of our military opera- 
tions depends on electronics. 

The development of the Nike-Zeus anti-ballistic mis- 
sile defense system provides a good illustration. I suspect 
that most people realize that difficult technical prob- 
lems are involved in producing a missile with the range, 
speed, maneuverability, and lethality it must have to 
intercept and destroy an ICBM warhead entering the 
atmosphere at perhaps twenty times the velocity of 
sound. But I doubt that many recognize that the com- 
plex and challenging problems of the missile’s design 
are dwarfed by the technological difficulties involved in 
developing the radars and computers and the othe 
electronic control devices required to make the Nike- 
Zeus effective. 

The development of these major electronic systems, 
having the range capabilities, precision, and speed of 
operation that will enable the weapon system to detect 
the warhead, identify it among the decoys and rocket 
fragments, track it accurately, solve the fire-control 
problem, and direct the missile to an accurate intercep- 
tion—all in a very few short seconds—presents one ol 
the most difficult research and engineering tasks ever 
undertaken in any technological area. The problem's 
magnitude and complexity cau be seen from the fact 
that 
ductor devices in the electronic equipments making up 


there are about one-half million active semicon- 
a single Nike-Zeus defense center. It is a shocking realli- 
zation when we compare this system with its fantastic 
number of active electronic components with the anti- 
aircraft fire-control systems of 15 years ago that, with 
only 500 vacuum tubes, were considered fearfully com- 
plex or even with the most modern surface-to-air anti- 
missile which has about 2,000 active 


aircraft system, 


electronic elements. 

The intercontinental ballistic missile is also typical of 
the absolute reliance of modern weaponry on electron- 
ics. It is hard to imagine that a huge nuclear warhead 
can be projected across 8,000 miles of the earth’s sur- 
face and hit a target well within 2 miles of the aiming 
point. This represents an angular accuracy approaching 
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one hundredth of a degree and a range precision better 
than three thousandths of one per cent. This remarkable 
guidance by the electronic sensing and computing ele- 
ments in the missile and at the launcher represents one 
of the most advanced and sophisticated applications of 
electronics technology; it took thousands of man years 
of scientific and engineering effort to develop. 

In another weapons area, the B-70 manned bomber 
will contain the most advanced and complex array of 
electronic devices ever assc::itiled in an aircraft. It has 
been estimated that the deveiopment and engineering 
of the bombing-navigation system alone will cost close 
to a quarter of a billion dollars and will require 8,000 
to 10,000 man years of engineering. This is only one 
of the major electronic subsystems this advanced air- 
craft weapon system will need to perform its mission. 

Probably the most exacting use of electronics in our 
whole defense program is in space developments. Cer- 
tainly a space system depends more completely upon 
electronics than any other system in civilian or military 
use. Once a rocket carrying a satellite into orbit leaves 
the launching pad, information concerning the space 
vehicle's precise location or data acquired by its various 
sensing instruments (most of which are themselves com- 
plex electronic devices) can be obtained only by means 
of electronics. 

In one of our current military space programs, the 
28,000 
electronic parts—roughly equivalent to 100 home tele- 


satellite carries equipment employing about 
vision receivers. To be operationally and economically 
feasible, this complicated equipment must operate sat- 
istactorily in space, with no adjustment or maintenance, 
for long periods of time, perhaps a year or more. Can 
you imagine turning on 100 television sets and letting 
them run continuously for a year without having to 
adjust one set or replace a single defective part? Attain- 
ing reliability of electronic equipment that is essential 
for space applications poses a tremendous engineering 
problem. It will call tor the development of electronic 
components and construction techniques that are far 
more reliable than those available today. 

I hope these few examples make it fairly clear that 
electronics is the keystone of our military capability 
and, in most cases, the controlling technology. 

Now I would like to mention the critical and urgent 
need for more rapidly advancing electronics technology 
across the board. This we must do to acquire the new 
electronic concepts, components, and techniques we 
need for the development of new weapons and space 
systems so advanced and so powerful that they will give 
us an undeniable- 
the USSR 


Certainly I need not belabor the point that we must 


and, we hope, discouraging lead over 


maintain such a position of military and technological 
superiority over the communist nations. From the time 
Mr. Khrushchev scuttled the summit meeting until re- 
on the United Nations, 
world events have clearly demonstrated that the only 


cently, when he “declared war” 


factors that might cause the communist powers to alter 
the frightening course of their drive toward world dom- 
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ination are the military strength and technological 
achievements of the United States and its allies. 


RADICALLY NEW WEAPONS NEEDED 

Topay, THE BALANCE of military strength is in our 
favor. Both the President and the Secretary of Defense 
have said repeatedly that this nation has the most 
powerful military force the world has ever known—one 
that is not second best to the USSR or any other nation. 
I firmly believe that this is so, although I realize that 
in certain force postures the lead is marginal. Certainly 
if we are to stay ahead, we must continue to develop, 
produce, and deploy our weapons at an ever-increasing 
pace. But just staying ahead is not enough. In the 
critical years ahead, we must strive to create entirely 
new kinds of weapons based on new _ technology— 
weapons that will give the West a decisive military ad- 
vantage. | am not speaking of weapons that merely 
evolve through refinement and gradual improvement of 
existing weapons but, rather, of radically new ones that 
can significantly change the balance of power in our 
favor. What sort of weapons these new ones will be, 
I cannot say; the atomic bomb was one; the ICBM was 
another. 

Now why do I feel that future breakthroughs in 
weapons are so important? Very pertinent to this is the 
situation I see developing in the major strategic forces 
that constitute our deterrent and retaliatory power, 
which is so vital to our national survival. Our powerful 
strategic striking force of manned bombers, an ex- 
tremely important part of our deterrent strength, is 
currently undergoing a rapid transition. It is being 
complemented by a family of ICBMs: The Atlas is now 
operational, the submarine-launched Polaris entered 
the Navy's operational forces last Fall, and the Titan 
will be added to our operational ICBM forces the 
middle of this year. In addition, the development 
of Minuteman, which shorter reaction time, 
greater reliability, and better performance than Atlas, 


has a 


is being pushed on an accelerated schedule. 

With this rapid expansion of ICBM strength, both in 
the United States and the USSR, it seems obvious to 
me that, unless disarmament negotiations are successful, 
there will develop within a very few years a balance of 
deterrent strength between the communist and Western 
powers that will constitute a deadly and frightening 
stalemate of missile-borne destructive power. Each side 
will missiles—dis- 
persed, hidden, and protected by site hardening—for a 


have a sufficient number of these 
potentially complete mutual destruction, even on a 
“strike second” basis. When such a weapon stalemate 
exists, it seems most unlikely that any nation would 
start an all-out thermonuclear war. 

Although these supersaturated forces of destruction 
probably constitute an excellent deterrent to nuclear 
attack on this country—and, incidentally, provide a tre- 
mendous incentive for the negotiation of world dis- 
armament—it does not appear that they will signifi- 
cantly deter the outbreak of limited wars. It is 
inconceivable that any nation would risk almost certain 
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destruction of its civilization by employing such forces 
in limited military conflicts. This means that our tre- 
mendous investment in bombers and ICBMs will prob- 
ably not keep the Soviets from 
away, even using military force, 


continuing to nibble 
at its long-range ob- 
jective of world communism. 

But, if we could definitely break this growing deter- 
rent stalemate by acquiring some radically new weapons 
that would give us an overwhelming military advan- 
tage, we could not only deter all-out attack against us 
but might discourage continued aggression on a limited 
scale. 

One thing that could break the balance of deterrent 
forces would be a truly effective system of defense 
against them—not one that would merely stimulate the 
opposition to build and deploy more missiles in an 
effort to re-establish the balance, but a defense system, 
including fall-out shelters, that could effectively protect 
our military, industrial, and population centers against 
a massive, all-out attack. Almost surely the nation that 
first achieves such a defense would have a tremendous 
military and political advantage, at least until methods 
of countering the defense were developed or until both 
sides had equally effective defenses. 


This discussion of total defense against ballistic mis- 


siles illustrates my point concerning the potential im- 


portance of radically new weapons based on new iech- 
nology. Obviously, this is only one area where such 
new weapons could exert a significant and, perhaps, 
decisive between 


influence on the balance of 


East and West. 


pe ywer 


In tactical warfare radically new weapons could also 
be extremely valuable. As I said before, it is unlikely 
that our strategic thermonuclear forces will prevent 
aggressive acts of a limited nature on the part of the 
communists. It is essential, therefore, that the tactical 
forces of our Army, Navy, and Air Force be kept always 
at the highest possible level of efficiency. To this end, 
these forces should have ready to use the most ad- 
vanced weapons that our scientists and engineers can 
provide. 

Also in the area of command and control we urgently 
need new systems based on new concepts and new tech- 
niques. The requirements for reliabiltiy, capacity, and 
reaction times in command and control have advanced 
so rapidly with the growth of weapon capabilities that 
current computer and communications technology is 
not fully adequate to meet these system needs. 

Our space programs also demand electronic compo- 
nents and techniques that we do not have at present. 
I am not just sure where space activities fit into the 
involved picture of competition for worid supremacy. 
It is evident that satellites orbiting the earth have great 
potentialities for military use in communications, navi- 
gation, warning, and surveillance and various defense 
agencies are vigorously pursuing extensive programs in 
these areas. Probably other space veniures—putting 
“man in space,’ probing the moon or planets, or em- 
barking on journeys beyond our own solar system—will 
profoundly affect our national prestige throughout the 


¢ 
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world. But the military implications of these ventures 
are not clear. Still we cannot afford to shut our eyes 
to these programs, nor to the revolting possibility that 
space—even outer space—may some day represent an- 
other dimension of man’s battlefield. It is conceivable, 
for example, that space systems apart from the provi- 
sion of early warning, might play an important role in 
establishing a fully effective defense against ballistic 
missiles such as | mentioned earlier. I just do not know 
how these things will develop—and I am not sure that 
anyone else knows. 

To reiterate the point I have been making for the 
sake of emphasis: radically new weapons and systems 
can profoundly and, perhaps, decisively influence the 
balance of between the and free 
worlds. Indeed it is entirely possible that a single fun- 


power communist 
damentally new weapon could be the determining fac- 
tor in our civilization’s survival in the coming decades. 
But any such weapon will almost certainly come out of 
new technology rather than refinements based on cur- 
rent weapon approaches. Accordingly, I consider it im- 
perative that this nation shift an appreciable amount 
of its scientific and engineering resources from the task 
of developing generation alter generation of weapons 
that only marginally increase our total strength to the 
task of research and technical development on which 
to base the new concepts and new techniques—and, pos- 
sibly, the technological breakthroughs—that will make 
possible the development of decisive new weapons. 


STRESS ON FUNDAMENTAL RESEARCH URGED 

SINCE ELECTRONICS is now the most important single 
technology in weaponry, it is clear to me that this area 
should encompass the greatest expansion of this funda- 
mental technological effort. | would expect to see in 
the broad area of electronics some of the great tech- 
nological advances and breakthroughs that will impact 
significantly on our future military capability. I can not 
ioresee what those breakthroughs will be, nor when they 
will occur, nor what effect they will have on the balance 
of world power. I can say, however, that throughout 
the country some very exciting things are going on in 
electronics research laboratories. Here are some of 
them: the generation and amplification of coherent 
light; computers that can learn and possibly “think”; 
microwave generators with outputs measured in mega- 
watts of average power; thermionic power conversion; 
new methods of radio transmission wherein all system 
elements, including the antenna, are hundreds of feet 
below the earth’s suriace; and revolutionary concepts 
of solid-state and cryogenic electronics that may make it 
possible to house in the limited volume of a space ve- 
hicle a computer with the capability of the SAGE system. 
Some of the many new avenues of electronics research 
now opening up may hold the secret of a new force that 
could give us the desired unchallengeable lead over 
communism. 

But, unless we put more national emphasis on re- 
search and exploratory development in electronics— 
and I want particularly to stress the need for additional 


175 





emphasis on exploratory development—these and other 
promising technological advances in electronics will be 
far too long coming to fruition. It is not enough to 
expand our storehouse of knowledge through a broad- 
ened and accelerated program of fundamental research. 
We must carry out the applied research or exploratory 
development that is necessary to prove that it is feasible 
to apply this new knowledge to some new weapon con- 
cept. Otherwise, it may remain in the archives of scien- 
tific literature unused, perhaps forgotten by the devel- 
opers of weapon systems, that is. unless it is found and 
used by the Soviet. 

Now let me summarize the points I have attempted 
to bring out: 

First, electronics is probably the most important and 
most critical area of technology affecting the develop- 
ment of all weapons and command and control systems. 

Second, our future military strength and perhaps our 
national survival may depend upon weapons that are 
radically new and are based on advanced or new tech- 
nology rather than weapons that are mainly “warmed- 
over” versions of weapons now in existence or well 
along in development. 

Third, there is an urgent need to shift a substantial 
portion of our scientific and engineering resources from 
weapons development to research and particularly to 
exploratory development. 
in all 
military weapons and control systems, a major techno- 


Finally, because electronics is so widely used 


logical advance in this area may lead to a new weapons 
concept that will give this country a decisive military 
advantage. 

In closing, I would like to say that I hope and pray 
—as I am sure most Americans do—that a way can be 
found at the conference table to solve the grave prob- 
lems at the root of world tension. If the contest in 
weapons development continues between two nations 
scientific resources as the 
United States and the USSR, the result will be not only 
a persistent and increasing drain on our civilian econ- 


so rich in industrial and 


omy, in both dollars and scientific manpower, but a 
steady increase in the danger of world-wide destruction. 
Speaking in Syracuse 4 years ago, I expressed the 
hope that the challenge to all mankind to conquer 
space would be so great that his desire to fight among 
his own kind would disappear. | am afraid this was 
merely wishful thinking. In reality, the space programs 
of the United States and the USSR have had the effect 
of intensifying international rivalry rather than stimu- 
lating co-operative endeavors in scientific exploration. 
We must keep hoping for, and working toward, a 
political or sociological kind of breakthrough that will 
lead to permanent peace among the great powers of the 
earth. At the same time, we must seek the technological 
breakthroughs that will enable us to keep our armed 
services strong enough to deter military aggression on 
all fronts until it is possible to bring about the dis- 
armament of nations in a safe and acceptable manner. 
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The reasons for and the extent of the world- 
wide effort to harness light element fusion re- 
actions for power production are described. A 
discussion of the physical problems to be sur- 
mounted and the different approaches being 
pursued in various world laboratories is pre- 
sented. Future possibilities are considered. 


OR several years an appreciable number of people 
have been engaged in a world effort to solve an 
extremely difficult problem. Conceived and nur- 
tured in secrecy, programs of at least four nations 
passed their infancy in isolation from one another. In 
1956 communication was established between the Brit- 
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ish and American groups and in 1958 at the Second 
International Conference on the Uses of 
Atomic Energy, secrecy restrictions were dropped. Now 
the task has reached its early childhood as a set of 
independent, healthy programs throughout the world 
engaged in a vigorous competition to be the first to 
achieve a sustained, controlled thermonuclear fusion 
reaction. If this can be achieved in the laboratory, it 
is expected that development of a practical commer- 
cial power source will follow. 

The United States, USSR, England, and Germany 
have pioneered with large establishments, and signifi- 
cant programs are being undertaken in France, Sweden, 
Switzerland and Japan. No doubt laboratories in other 
lands will join in the search. Most of the work in the 
United States has been sponsored by the Atomic Energy 
Commission (AEC) under the code name, Project Sher- 
wood. The early history of this project may be read in 
the book by the same name by Amasa Bishop.! 

he size of the effort may be inferred from its budget. 
In recent years the AEC has been alloting between $20 


Peaceful 
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and $30 million per annum. This is a sizable amount 
for a research project, amounting to about 1% of the 
AEC budget. The prime responsibility of the AEC is, 
of course, to provide the nation with an adequate and 
modern nuclear arsenal. After this responsibility, it 
should foster the development of nuclear equipment 
already suitable for commercial application; but if the 
controlled thermonuclear work is as important as its 
protagonists (as well as many unbiased observers) claim, 
1% is not an excessive amount to spend on it even 
though commercial application still seems remote. An- 
other measure of size is the number of scientific person- 
nel devoting full-time attention to the problem. In the 
United States approximately 300 are involved in Project 
Sherwood, Throughout the world there are probably 
a thousand scientists and engineers, plus an equal num- 
ber of supporting personnel, all studying this problem. 
Clearly the scientific community regards it as important. 
What are the reasons for this interest? 

The fundamental or long-range motivation is the 
spectre of energy bankruptcy. The idea of the world 
simply running out of fuel seems rather fantastic. Is 
this a real problem or merely a dream of alarmists? 
Table I shows one estimate? of the history of the 
earth’s energy consumption extrapolated to the mid- 
dle of the next century in comparison with known 
and estimated energy resources. Although these data 
are somewhat controversial, the controversy centering 
mainly on the definition of the word “economic,” the 
errors in these figures can be assumed quite large with- 
out invalidating the conclusion. Even if we assumed 
that the expensive and severe problem of radioactive 
waste disposal associated with fission plants can be 
solved, there is no alternative to a sharp decline in 
the standard of living beginning in perhaps 200 years 
if the deuterium energy source is not tapped. On the 
other hand, if deuterium fusion can be utilized to 
generate power, we have fuel for many millions of years. 

This fact alone is not sufficient to justify a large- 
scale effort at the present time. The proper procedure 
would be to let science accumulate knowledge at its 
normal pace for the next century or so, Presumably 
we would then know a sufficient amount to design a 
fusion reactor with the confidence with which we can 
now design a steam engine. The reason for a vigorous 


attack on the problem now is the fact that the real cost 


of power is on its way up and will be significantly 
higher very soon. The world’s electric power needs are 
doubling in a period variously estimated between 8 
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Table Il. Comparison of Nuclear and Chemical Fusion 
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and 13 years. This exponential growth will not con- 
tinue, but we can certainly expect the world’s power 
consumption to reach a level of one Q (10'* Btu) per 
year. Compare this with our coal and oil reserves. Nu- 
clear fission will remain an expensive process with 
poorly distributed fuel supply. Following the research 
stage of fusion studies, there will be a host of severe 
engineering problems to be solved. By the time this is 
accomplished, fusion could be the cheapest form of 
power generation benefiting from a world-wide distribu- 
tion of fuel supply from the oceans. This might occur 
within 15 years. 

Another factor which should not be overlooked is 
that of national prestige. Everyone would like to say 
that it was his country which solved this protoproblem 
of civilization. 

This article will attempt to explain the basic physical 
problems encountered in these studies and the reasons 
why they are difficult. The principal directions of re- 
described, to- 
achieved. 


various laboratories will be 
gether with the status of 


Finally, a possible power plant of the future will be 


search in 
present results 
presented. 


BASIC PHYSICAL PROBLEMS 

Taste II contrasts nuclear fusion with chemical fu- 
sion, the ordinary burning process. Note that a single 
fusion event in the chemical case yields a few electron 
volts of energy, whereas in the nuclear case the yield is 
a few million electron volts. The chemical process illus- 
trated is the reaction of two molecules of hydrogen with 
one of oxygen to yield two molecules of water. 

If one sorts through hydrogen atoms, one will occa- 
sionally find a special type. Like a 4-leaf clover in a 
clover field, about 1 atom in 6,000 of hydrogen has an 
extra particle in its nucleus. Instead of one lone proton, 
the proton is accompanied by a neutron. This double 
particle is called a deuteron, sometimes symbolized by 
the letter D, sometimes by H with a superscript 2, as 
done in Table II. If two deuterons are brought very 
close together, the four elementary particles can rear- 
range themselves in one or the other of the two proc- 
esses diagrammed here to liberate a large amount of 
energy. If one has a supply of hydrogen from which 
to derive energy, it would appear to be far more 
profitable to sort out the deuterons and utilize nuclear 
burning than to use ordinary burning. Furthermore, 
for nuclear fuel we can use the hydrogen from water 
rather than from the isolated state. 

The two types of processes compared here are not 
as similar as Table II tends to picture them. The num- 
ber of protons and neutrons in the nucleus of the atoms 
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Fig. 1. Confinement by magnetic field. 


have been cataloged for both cases, but in the chemical 
case they have nothing to do with the process. The 
nucleus of an atom is a tiny hard center. Around this 
exists a very deep and sticky layer of electrons occupying 
a million-million times the volume of the nucleus. It 
is only the outer layer of the electron cover that is in- 
volved in chemical actions. If we want to produce 
nuclear fusion, it is necessary to peel off the layer of 
electrons completely to get bare nuclei or otherwise the 
nuclei cannot get close enough together to react. This 
necessity of removing the electrons from the atoms 
completely is why the quest for thermonuclear power 
requires intensive study of the physics of fully ionized 
gases, sometimes called plasma physics. This form of 
gas is really a fourth state of matter following the vapor 
phase as the temperature is raised to very high levels. 
For hydrogen gas, the temperature would have to be 
100,000 degrees before the gas became essentially com- 
pletely ionized. 

Although it is conceivable that one might maintain 
a gas of low density at 100,000 degrees within a physical 
container with sufficient cooling on the surface to pre- 
vent it from melting, this temperature is still far below 


the ignition point for lighting a nuclear fusion fire. 


Fig. 2. England's Zeta machine. 
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Although the electrons have been separated from the 
nuclei and no longer interfere with the process, the 
nuclei still prevent the close approach necessary to 
bring about fusion because of the large electrostatic 
repulsion forces developed by their positive charges. 
In order to get the nuclei moving at a high enough 
velocity to get close enough together to fuse, it is 
necessary to heat them to very high temperatures. To 
get a barely detectable reaction intensity, one must 
approach 10 million degrees. To turn this smoulder 
into a blazing furnace, one must go to 100 million or 
better. This is the cause of the great difficulty en- 
countered in research programs designed to study the 
properties of this fourth state of matter. A review of 
the physics of controlled fusion reactions may be found 
in an article by Post.* The fundamentals of fully ionized 
gases are presented in the book by Spitzer.* 

Before one can investigate the properties of a thing, 
one must get a sample. James Watt would have had 
severe difficulties developing the steam engine if he 
had not been able to get his water to boil! The scientists 
of the world are still trying to get some high-tempera- 
ture plasma to study. The problem is twofold: (1) How 
do you heat the gas? and (2) During and after the 
heating, how do you confine and control it for a long 
enough time to study it? 

No material can be used as a wall to contain a gas 
at these temperatures because so much of the material 
would evaporate into the gas that it would be promptly 
cooled below the temperatures of interest. Some non- 
At this 
early stage there is only one method that we can flatly 


material containment method must be used. 
state will work to contain a reactor. To construct this 
form of thermonuclear machine we must begin in an 
isolated region and assemble so much fuel that its 
own mass will contain the reacting gases by gravita- 
tional attraction. Many of these reactors are in success- 
ful operation, They are called stars. Although we can- 
not do this on earth, a somewhat similar device is a 
hydrogen bomb which is contained for a very short 
time by inertial forces, 

The only other forces available to us are electric 
and magnetic forces, old friends of electrical engineers. 
Virtually all methods of confinement under active study 
make use of a magnetic field as the confining tool. Since 
the reacting gas is completely ionized, each individual 
particle is charged. A moving charged particle in a 
magnetic field describes a helical path surrounding a 
given line of magnetic force. This is illustrated in Fig. 1. 
Each particle behaves as if it were rigidly attached to 
a line. It is free to move along the line easily, but it 
cannot move across the line. A gas of charged particles 
(a plasma) will move across the field very slowly by 
The 


produced by a collision of two particles. This process 


diffusion. motion from one line to another is 
is a very slow one, and the magnetic field is expected 
eventually to serve as a good confinement medium. At 
the present time, however, a quiescent plasma placidly 
diffusing across a magnetic field has not been observed. 


Strange instabilities and turbulent behavior take place. 
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Work continues in an attempt to understand the phe- 
nomena observed and to stabilize the situation. 


POSSIBLE APPROACHES 


THERE ARE A VERY LARGE NUMBER Of magnetic field 
configurations that have been proposed, and many of 
these are under active investigation in dozens of labora- 
tories. As examples, only three will be described—those 
which have received the greatest attention so far. These 
machines make use of the pinch effect, magnetic mir- 
rors, and the stellarator principle. 

The pinch effect was first pointed out in 1934.° If 
an electric current flows in a straight line, the magnetic 
field surrounding it exerts a force towards the axis 
on each charged particle carrying the current. Thus, 
the current channel tends to contract or pinch. Use of 
the pinch effect as the basic confinement mechanism 
is an extremely attractive idea because the current 
necessary to generate the confining magnetic field is 
carried by the ionized gas itself rather than by an 
expensive external coil system. However, a basic difh- 


culty, first predicted theoretically and published in. 


1954,6 is that the pinch is highly unstable, destroying 
itself in microseconds. When a small kink develops, the 
magnetic forces decrease on the outside, increase on 
the inside of the bend, forcing the kink to enlarge. A 
considerable amount of progress has been made in 
stabilizing the pinch by building in internal magnetic 
fields, but this restricts the possible compression of the 
discharge and limits the temperature. Vigorous work is 
continuing on these problems, however, and they may 
eventually be solved. England, USSR, and the United 
States are engaged in pinch studies on a large scale. 
The first large thermonuclear experiment to be built 
is the English Zeta apparatus shown in Fig. 2. In this 
machine the pinch current flows in a closed circle—thus 
the name toroidal pinch. The pinch acts as the sec- 
ondary winding of a transformer. The main structure 
in the photograph is the transformer core which con- 
sists of 150 tons of steel. The primary is excited by a 
pulse of current derived from a condenser storage bank. 
minor diameter | 


The vacuum chamber is a torus of 


meter and major diameter 3 meters. Heating of the 
gas in the pinch comes from the ohmic losses from the 
conduction current itself and from adiabatic compres- 
sions when the pinch contracts. The English have 
achieved a temperature of a few million degrees in 
their apparatus. When photographs and reports of 
Zeta became available, the Russians built a copy in 
the amazingly short time of 6 months and named it 
Alpha. Their results have confirmed the British experi- 
ence. The American pinch work originated at Los 
Alamos. A variety of smaller machines have yielded 
similar results both at Los Alamos and at the Lawrence 
Radiation Laboratory. 

If one attempts to confine a plasma by means of a 
solenoidal field as illustrated in Fig. 3, a problem of 
end losses appears. There is no opposition to particle 
motion along the lines of force. Something must be 
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Fig. 3. Two magnetic configurations. 


done to prevent immediate escape of the gas from the 
ends. If regions of higher field strength are placed at 
each end, the magnetic lines will be bent as shown in 
the lower part of the figure. These regions of increased 
field strength are known as mirrors and serve to reflect 
most particles back towards the midplane. A few, those 
with velocities almost parallel to the axis, escape. This 
is a disadvantage of the mirror type of machine. On 
the other hand, this is the only type of machine so far 
studied which has not yet shown any evidence of plasma 
instabilities. The Lawrence Radiation Laboratory at 
Calif., has 


chines for many years. Heating in a mirror can be 


Livermore, been investigating these ma- 
done by adiabatic compression, or by the injection of 
material already at high energy. The latter approach 
is being studied at Oak Ridge where the DCX experi- 
ment shown in Fig. 4 is being conducted to study in- 


jection of ions of energy up to 600 kev (kilo-electron 


Fig. 4. The DCX machine. 
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Fig. 5. The OGRA machine. 


volts) into a mirror machine. In this machine the large 
power supply provides the potential difference to ac- 
celerate molecular ions. These molecular ions are dis- 
sociated within the machine by passing through a car- 
bon arc and the resulting atomic ions are trapped within 
the machine. 

The Russians are conducting another energetic ion 
injection experiment with the OGRA apparatus shown 
in Fig. 5. This is also a mirror geometry and is believed 
to be the largest fusion research device now in opera- 
tion 

Che stellarator approach? combats the end losses by 
bending the solenoid into a closed configuration. Since 
the plasma now forms a closed loop it can be made 
the secondary of a transformer and heated by passing 
a current through it in a manner similar to the toroidal 
pinch device, but at currents far below those needed 
to pinch a plasma. This type of heating is called ohmic 
heating. Other more complicated methods of adding 
energy to the gas by electrical methods known as mag- 
netic pumping and cyclotron resonance heating are also 
unde 


investigation.’ This work has been carried out 


at Princeton University where the model C stellarator 
is now being assembled. When this apparatus is put 
into operation this year, it will be the most elabo- 
rate plasma experiment in existence. Temperatures in 
smaller stellarators have reached a few million degrees, 
but the ohmic heating process produces instabilities 
which are not yet understood and which limit confine- 
ment to less than a millisecond. Stellarators have been 
investigated principally at Princeton, but are also being 
planned in Germany and the USSR. 

Inevitably the questions arise: Who has the best 
idea? Who is ahead? Who is going to win the race? 


It is too early to guess at the answers to these questions. 


As time goes on you can judge for yourself by reading 


papers and getting the answers to these questions: What 
is the time of confinement of the plasma? What is its 
temperature? How large is the production of thermonu- 
clear neutrons? Answers to these questions are not al- 
ways clearcut. For example, as long as confinement time 
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remains short, one is observing a transient phenome- 
non. A plasma is a mixture of two fluids—the electron 
fluid and the ion fluid. Under transient conditions these 
two fluids can have different temperatures. It is the ion 
temperature that is important for producing thermonu- 
clear reactions, but it is the electrons that are most 
frequently directly heated. Temperature measurement 
at these levels is not precise and under short transient 
conditions the fluids may not have achieved Maxwellian 
distributions, in which case the temperature is not well 
defined. Neutron production has been detected in many 
laboratories, but have they been true thermonuclear 
neutrons? This is a moot point and should be discussed 
briefly. 

What is the difference between a thermonuclear neu- 
tron and a so-called “false’’ neutron? There is no difter- 
ence between the neutrons themselves or even between 
the reactions which produced them. The differnce is 
in the type of collision that led to the reaction. A neu- 
tron is thermonuclear if it is produced by a fusion of 
two deuterons that were both present in a gas and 
collided with their respective thermal velocities. A neu- 
tron is produced by a nonthermonuclear process (i.e., 
it is a “false’’ neutron) if one deuteron has been acceler- 
ated to a high velocity by some nonthermal mechanism 
(e.g., an induced electric field) whereupon it collided 
with a static target (e.g., a deuteron bound to the wall 
of the apparatus or an unaccelerated deuteron in the 
gas). At the present time it is not a simple matter to 
determine whether or not the neutrons observed in- 
clude an appreciable number of true thermonuclear 
neutrons. In the writer's opinion, no experiment has 
yet been performed which does. The doubt arises be- 
cause the temperatures achieved so far have remained 
low. When ion temperatures actually are produced 
well above 10 million degrees, so many neutrons will 
be produced that the thermonuclear process is the only 
one that will be able to explain them. As soon as 
plasma temperatures, as measured by neutron produc- 
tion, reach 20 or so million degrees for 50 or more milli- 
seconds, then will be the time to ask, “Who is ahead?” 


POWER PRODUCTION 


Let Us TAKE a long look into the future and specu- 
late about a successful power plant producing fusion 
power. As an example I will choose a stellarator plant 
because it is the type with which I am most familiar. 
This does not imply that I think the stellarator will 
be the only or even the first successful reactor. The 
plant is presented schematically in Fig. 6. Working 
from the inside out, the vacuum tube contains the re- 
acting fuel. In this case a 50-50 mixture of deuterium 
and tritium is chosen because it burns faster and yields 
more energy than pure deuterium. In this case the 
fuel consumed is deuterium and lithium, but eventual 
development to pure deuterium-fueled reactors is ex- 
pected. The density of the gas would correspond to a 
pressure of about 0.00001 atmosphere at room tempera- 
ture—a good vacuum from an industrial point of view— 
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but at an operating temperature of 150 million degrees 
K would exert a pressure of 100 pounds per square inch 
—a very high-pressure vacuum indeed! This pressure 
would be contained by a magnet of field strength of the 
order of 100,000 gauss produced by coils of a special 
configuration to reduce internal stresses. Cooling of the 
coil might be done by conventional deionized water or 


possibly by nucleate boiling or cryogenics. 


Between the vacuum tube and the confining field 
coils is located a lithium-bearing blanket which serves 
to absorb the generated neutrons, converting their 
kinetic energy into heat and regenerating from lithium 
the tritium needed to operate the reactor. This also 
serves as a radiation shield for protection of the magnet 
and other surroundings. The blanket is cooled by steam 
generation, and the steam is used in a conventional 
steam-turbine-driven generating station. 

There has been some talk about direct conversion 
of the released energy into electricity. In principle, 
particularly in the case of a pure deuterium reactor, 
this can be done for a fraction of the released energy 
by cycling the confining field strength. However, much 
of the energy released (and in the case of the deuterium- 
tritium reactor, most of the energy) is in the form of 
neutrons, This energy can be recovered only by utiliz- 
ing a neutron absorbing blanket and a heat cycle. 

Along the two legs are two devices that have not 
been described in this article, although working appar- 
atus has already been put into experimental operation 
in the laboratory: a magnetic pumping unit for igniting 
the fire’ and a divertor® for maintaining the purity 
of the reacting gas. 

The useful output of such a plant would be in the 
neighborhood of 2 million kw, an inconveniently large 
block of power. However, in the decade or two that 
will pass before such a unit is available, there will no 
doubt be areas where it would be useful. The size of 
the minimum useful power output is really a question 
of economics and it would be idle to try to estimate 
the investment cost of such an installation now. Most 
power transforming units become more economic as 
their size increases and this is ‘very strongly true of a 
stellarator. Consequently one can predict with fair 
confidence that if thermonuclear power plants become 
possible they will be very attractive economically if 
built in a large enough package. Time will tell if this 
minimum package will be small enough to be attractive. 
In addition to the probable economic advantage, such 
a plant would have no radioactive wastes. The ash is 
helium, a useful product itself. 

All long-range predictions have the common property 
of being dead-wrong, but it is difficult to resist the 
temptation to speculate about the future. Those who 
are interested in a well-reasoned study of our species 
from an ecological and demographic standpoint should 
read the excellent book by Harrison Brown.'® More 
detailed cataloging of data on population and energy 
trends may be found in the report by Putnam,” cited 
earlier, from which one can draw one’s own conclusions. 
It is interesting that neither of these books has con- 
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Fig. 6. Future power plant. 


sidered the possibility of fusion power. If fusion power 
is successful, the future would appear quite different 
from their conclusions. It is conceivable that 500 years 
from now the earth’s population could have been re- 
duced to a level of 20 million people by a series of 
nuclear holocausts. Such a population, carefully hus- 
banded to cope with a damaged genetic heritage, could 
live an abundant life on solar power. On the other 
hand, it is that 
fusion power will provide an opulent standard of living 


also conceivable the harnessing of 
for a population of 20 billion. Certainly if the human 
race exercises its full growth potential (and barring 
new, unexpected basic discoveries), the electrical engi- 
neers of the future will have to deliver fusion power. 
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Effects of Metal—Dielectric Junctions on Breakdown 
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Fig. 1. Hlustration of improvement in d-c vacuum breakdown 
voltage obtainable by changing polarity to prevent junction 
discharge phenomena. 


O OBTAIN the highest breakdown strength over 
Feigao in vacuum, the method of joining the 
dielectric to the negative electrode is of high impor- 
tance. 

In a recent paper! it was disclosed that discharge 
phenomena can occur at the negative metal—dielectric 
junction of insulators in vacuum and that these phe- 
nomena can be effective in lowering the breakdown 
voltage. With a metal electrode in simple contact with 
a dielectric, electrons and radiation are released at the 
edge of the junction. The positive metal—dielectric 
junction plays no important role. 

With short 10+ to 10-° millime- 
ters of mercury pressure, elimination of junction dis- 


insulators in air at 


charge phenomena was found to increase the break- 
down voltage by a greater amount than any other factor 
to which lowering of breakdown in vacuum has been 
normally attributed. With the arrangement shown in 
Fig. 1, junction discharge phenomena existed to a de- 
gree which led to appreciable lowering of the break- 
down voltage only when the metal at the simple me- 
chanical-contact junction was negative. As indicated, 
tests showed an increase by a factor of about four in 
the d-c breakdown voltage when the negative junction 
discharge phenomena were prevented. 

When high-voltage insulators are operated at atmos- 
pheric pressure, the negative metal—dielectric junction 
is known to be a source of radiation and, as a result, 
of free electrons. However, this radiation is strongly 
absorbed close to the junction. The electrons, because 
of their very short mean free paths, cannot gain high 


Digest of paper 60-1001, “Effect of Metal-Dielectric Junction Phenomena 
on High-Voltage Breakdown Over Insulators in Vacuum,” recommended 
by the AIEE Electrical Insulation Committee and approved by the AIEE 
Technical Operations Department for presentation at the AIEE Pacific 
General Meeting, San Diego, Calif. Aug. 8-12, 1960. Published in AIEE 
Power Apparatus and Systems, Dec. 1960, pp. 999-1004. 


M. J. Kofoid is with the Boeing Airplane Company, Seattle, Wash. 


182 


Kofoid—Metal-Dielectric Junction Effects on Breakdown 


energies by acceleration in the electric field, recombine 
quickly, and any effect they have in lowering the d-c 
breakdown strength of the gas must be very local. 

In contrast, in vacuum the electrons set free at or in 
the immediate vicinity of the negative junction can 
travel distances comparable to the length of the insu- 
lator before making a collision. The result is that re- 
leased electrons can cause the production of X rays, 
negative ions, and further electrons. These actions are 
believed to lead to the lowering of the breakdown volt- 
age. 

Two practical types of solution to the problem can 
be readily employed with roughly comparable improve- 
ments. As with the Kovar-glass seal junction of Fig. 1, 
the edge of the junction can be moved to a point of 
low electric gradients by the advantageous placement 
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Fig. 2. Glass cylinder between electrodes designed to permit high 
breakdown strength in vacuum. Lower electrode is negative. 


of dielectric. Also, the electrode geometry can be made 
the 
gaps at the edge of the junction below a critical value. 


such as to reduce the electric field intensities in 

One way to reduce the electric gradients through elec- 
trode geometry is by locating the edge of the junction 
at the bottom of a groove in the negative electrode, in 
the manner indicated in Fig. 2. The effectiveness of 
this design, using a Pyrex glass cylinder as insulation, 
was shown by test results; the breakdown voltage was 
28 kv with the grooved electrode positive, 90 kv with 
it negative. With the same electrode separation but 
with no groove in either electrode, the breakdown volt- 
age was 25 kv. 
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Effect of Bundle Conductor Field 


on EHV Transmission Line Design 


R. W. HARMON 
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A description is presented of some control shield 
designs used commercially at 345 and 460 kv, 
along with results of laboratory tests indicating 
the trend of the art for multiconductor sys- 
tems above 460 kv. Improvements in electrical 
performance and reduced capital costs are 
shown possible with towers designed for new 
suspension hardware developed for multiple- 
conductor bundles. 


ABORATORY tests on prototype suspension in- 
sulator that the 
field surrounding multiple-conductor bundles can 


assemblies show electrostatic 
be exploited to eliminate control shields. Yoking ar- 
rangements were developed to couple the conductors 
as high with respect to the insulators as permitted by 
mechanical stability considerations. Tests were made 
on various assemblies to equivalent system voltages 
ranging from 650 to 865 kv. No upper limit on trans- 
mission voltages was established for conventional sus- 
pension insulators without control shields. 

Elimination of control shields and abbreviation of in- 
sulator assembly length permit significant reductions in 
phase spacing, tower dimensions, and _ right-of-way 
widths. Capital cost savings from more compact trans- 
verse dimensions are accompanied by improved elec- 
trical performance associated with reduced phase spac- 
ing. Lower surge impedance improves lightning per- 
formance, and transmission stability limits are increased. 

Realization of maximum benefits is dependent upon 
co-ordination of yoke plate geometry with maximum 
ice-load unbalance on the subconductors. Field data is 
needed to establish design criteria in icing districts. 


PURPOSES OF CONTROL SHIELDS 


Below 300 kv—Arcing Protection. The use of control 
shields and arcing devices dates back to the very early 
days of the electric power industry when arcing protec- 
A sec- 


ondary benefit was thought to be increased flashover 


tion of conductors and insulators was necessary. 


voltages through more linear voltage grading of the in- 
sulator string. 

Higher speed relay and breaker operations, the use of 
overhead ground wires, the use of armor rods for con- 
ductor protection, and improvements in the thermal 
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shock resistance of insulators have largely eliminated 
the need for arcing horn protection in recent American 
practice. Also, it has been learned that because pre- 
flashover ionization effects a marked redistribution of 
insulator voltages, control devices are largely ineffective 
for increasing flashover levels. 

Above 300 kv—Electrostatic Stress Grading. With the 
advent of system voltages above 300 kv, the possibility 
of excessive corona on insulators and hardware at oper- 
ating voltage has required the use of control shields. 
These shields surround the lower insulators and sus- 
pension hardware with a crude Faraday cage, thus re- 
ducing the electrostatic stress within and near the 
shielding structure. While it has been recognized that 
design of clamps, yoke plates, and attachment fittings 
could be modified to eliminate troublesome sharp cor- 
ners and projections, the need for reduced insulator co- 
rona has generally demanded the use of control shields. 


It has usually been more economical to use standard 
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Fig 1. 345-kv suspension assembly radio influence voltage. 
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Fig. 2. 18-unit string voltage distribution at 345-kv phase voltage. 


hardware and to modify the design of the insulator- 
grading control shields to include the secondary func- 
tions of hardware shielding and arc protection. Thus, 
commercial control shields have served multiple pur- 
poses, although the only functions which could not have 
been solved by other means have been those of insu- 
lator radio influence voltage (RIV) suppression and 
reduction of insulator corrosion resulting from corona- 
induced ozone concentrations. With recent improve- 
ments in the ability of suspension insulators to with- 
stand corrosion attack, the suppression of insulator 
RIV has remained as the sole requirement for control 
shields. 
$45-KV PRACTICE 

Fic. | shows the RIV performance obtained from in- 
door laboratory tests of three different commercial 345- 
kv, suspension assemblies. These curves were obtained 
by measuring the RIV generated by the specimen at 
1,000 ke with a direct-coupled meter in a circuit stand- 
NEMA (National Electrical 


Association). 


ardized by Manufacturers 
The low RIV levels at operating voltage of the fully 
from minor 


corona discharges on the insulators. The RIV at operat- 


shielded single-conductor assembly A are 
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Fig. 3. 24-unit string voltage distribution at 460-kv phase voltage. 


ing voltages on the semishielded twin-conductor assem- 
bly B is from corona on the insulators and the exposed 
clamps. There was no measurable RIV on the fully 
shielded twin-conductor assembly C. From the interme- 
diate performance of the partially shielded assembly it 
can be concluded that control shields are not so vital 
for twin-conductor systems. They may be abbreviated, 
or even eliminated, depending on the evaluation of per- 
missible RIV levels. 

The improved performance obtained with twin-con- 
ductors, even with incomplete hardware and insulator 
shielding, results reduced electrostatic stress 
around the lower insulator units. Separation of the con- 
ductor into two or reduces the field 
gradient over a sizable region surrounding the con- 
ductors, so that the conductors themselves perform part 


from 


more elements 


of the function of control shields. 

The effect of control shields on insulator voltage dis- 
tribution of a single-conductor assembly is shown in 
Fig. 2. The voltage on the critical line-end unit is re- 
duced from 20% of the total to 12%, while that of the 
second unit drops from 14% to 10%. 
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460-KV PRACTICE 


ALTHOUGH THERE IS no existing full-scale 460-kv trans- 


Fig. 4. 4-conductor bundle supports. 
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mission line on the American continents, an operational 
test line is now under evaluation on one United States 
system. This line uses a variety of hardware and control 
shield arrangements, which are primarily adaptations of 
commercial systems used at 345 kv. However, the shields 
are physically larger to suppress RIV at the higher op- 
erating voltage. 


FEST PROJECTS ABOVE 460 KV 

IT HAS GENERALLY BEEN FOUND that economic and en- 
gineering factors will require the use of 3- or 4-conductor 
bundles at voltages above the 460- to 500-kv level. In 
some test projects above 500 kv where the conductors 
are the primary object of study, insulator and hardware 
RIV performance is held to a low background level by 
large space-consuming shields. It should not be assumed 
that practical control shields must also be large and un- 
wieldy. 

The laboratory work reported herein was performed 
to determine the shielding required on commercial mul- 
tiple-conductor systems, and the special hardware was 
developed to exploit the findings of these tests. 


LABORATORY TESTS 

EARLIER TESTS had indicated that hardware compo- 
nents could be made inherently corona free, but the 
problem remained of suppressing insulator corona with- 
out using control shields. The improved insulator RIV 
performance noted with twin-conductor systems sug- 
gested that further improvement should be possible with 
3- and 4-conductor bundles. The action of the conduc- 
tors as capacitive flux sources to the insulator string in- 
dicated that the conductors should be coupled as close 
to the insulators as possible. The tests summarized in 
Fig. 3 were made to determine the effect of coupling 
length on insulator stress grading. 

Four 1.108-inch-diameter ACSR conductors were ar- 
ranged in a square configuration on 18-inch centers and 
suspended from a 24-unit string of 5%4- by 10-inch insu- 
lators. The supporting hardware consisted only of an 
elementary cross-member to maintain proper conductor 
spacing, with a variable length connector to the insu- 
lators. 

The voltage distribution at 265 kv (the leg voltage of 
a 460-kv system) was measured with a 14-inch sphere 
gap consecutively attached to the cap and pin of each 
insulator. The gap was preadjusted to flash over at the 
voltage expected across the insulator to which it was 
attached when the total line-to-ground voltage was 265 
kv. Thus, the voltage distribution was obtained by con- 
secutive determinations of the gap setting required to 
flash over at 460-kv system voltage. 

A series of these tests was performed with different 
coupling links between the insulator string and bundle 
The Fig. 3 
grading improvement obtained with short coupling. A 


conductor assembly. results in show the 


comparison with the curves of Fig. 2 shows that linear 
insulator grading can be approached to a degree hereto- 
fore unattained on single-conductor systems. 
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Fig. 5. 500- to 650-kv suspension assembly radio influence voltage 


To apply this effect to practical suspension assem- 
blies, laboratory corona and RIV tests were performed 
on several prototype supports. Two of these assemblies 
are shown in Figs. 4-B and 4-C. Fig. 4-A is an assembly 
of standard components included for dimensional com- 
parison. Fig. 4-D represents an experimental assembly 
with even shorter coupling than those tested. 

The RIV performance of assembly 4-B with and with- 
out control shields is shown in Fig. 5. Twenty-four insu- 


Fig. 6. Corona photograph of Fig. 4-C at 350 kv to ground. Hardware 
and 24-unit insulator string are corona free, with 6,000 microvolts 
RIV on 0.80-inch-diameter ACSR conductors. 


Harmon—Effect of Bundle Conductor Field 185 





lators were used. Omission of the shields resulted in in- 
sulator and hardware RIV that may be excessively high 
on some 460-kv systems. When shields were included, 
only a small amount of insulator corona was present 
below the conductor threshold voltage, and the hard- 
ware Was corona free. 

Fig. 6 is a corona photograph of assembly 4-C taken 
during laboratory tests at 350 kv to ground. The 0.80- 
inch-diameter ACSR conductors generated 6,000 micro- 
volts of RIV at this voltage, while the hardware and 
24-unit insulator string were corona free. Similar tests 
with larger conductors showed that the insulators and 
hardware were corona free to the maximum test level 
of 400 kv to ground, and have an unexplored margin 
beyond this point. Thus, this assembly without shields, 
from an RIV standpoint, is suitable for system voltages 
to at least 650 kv. Curve B of Fig. 5 shows the RIV per- 
formance of this assembly with 1.108-inch-diameter 
ACSR conductors. As the suspension assembly remains 
quiet up to the maximum test voltage, the curve is es- 
sentially a measure of conductor performance. 


FOWER AND RIGHT-OF-WAY COST REDUCTIONS 


SHORT-COUPLED INSULATOR ASSEMBLIES permit line con- 
struction economies. The minimum phase spacing of a 
flat-configuration extra-high-voltage (ehv) transmission 
line with free-swinging tangent supports is determined 
at the tower. Tower dimensions which maintain ade- 
quate arcing distance from energized hardware to struc- 


ture under wind loads, increase phase spacing beyond 
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Fig. 7. 460-kv H-frame structure designed for 10-foot arcing distance 


ot 45-degree insulator swing. 


186 Harmon—Effect of Bundle Conductor Field 
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other requirements. Thus, insulator-assembly length and 
width reductions permit closer phase spacings, with cor- 
responding reduction in tower dimensions and right-of- 
way widths. 

For constant span-length and mid-span ground clear- 
ance, cross-arms may be lowered through the use of 
more compact insulator assemblies. Lower ground wires 
result from closer phase spacing, and strength require- 
ments throughout the structure are reduced. 

Fig. 7 shows an example of the size reductions pos- 
sible on a 460-kv H-frame. The figures shown are based 
on the assumption that a 10-foot striking distance is re- 
quired at 45-degree insulator swing. Twenty-six 534- by 
10-inch insulators per string are assumed, and other 
tower dimensions are intended to be representative of 
460-kv practice. While the right-of-way width depends 
on individual practices, the reduction permitted with 
the structure shown would remain constant at 9 feet. 
This is three times the phase spacing reduction, and 
is based on the assumption that right-of-way width is 
dependent on maximum outward swing of the conduc- 
tors. 

ELECTRICAL PERFOK MANCE 


THE ELECTRICAL PERFORMANCE of an ehv line is im- 
proved with mid-span phase spacing reductions. The 
lower inductance and increased capacitance associated 
with closer phase spacing improve electrical stability, 
thus increasing the transmission capability. Reduced 
surge impedance of conductors and ground wires im- 
proves lightning performance. 

The increase of electrostatic stress around the con- 
ductors is one detrimental effect of closer phase spac- 
ing. However, the stress is raised only 1 or 2° for the 
spacing reductions under consideration, and the in- 
crease in conductor corona effects probably would be 
inconsequential when compared to the advantages of 
closer phase spacing. 


MECHANICAL STABILITY 


MECHANICAL STABILITY PROBLEMS may be divided into 
static and transient classifications. Difficulties with static 
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A- V-STRING B—Y-STRING 


stability on a free-swinging structure arise principally 
from unequal ice and wind loads on the subconductors. 
No problem exists in light-loading districts, where the 
vertical loads are always equal and differences in wind 
loads are insignificant. When horizontal and vertical 
loads are equal, the insulator assembly swings as a unit 
with no relative motion between insulator string and 
yoke assembly. 

In districts where icing is encountered, determination 
of static stability requires assumptions regarding maxi- 
mum unbalance of ice buildup on the subconductors. 
With vertical or horizontal load unbalance, the yoke 
assembly will pivot about the point of insulator attach- 
ment. The generalized loading conditions of assembly 
Fig. 4-C are shown in Fig. 8. Summing moments about 


the attachment point A, and summing both horizontal 


and vertical forces yields the static equilibrium equa- 
tions | and 2. Equation 3 shows the relative rotation of 
the yoke plate with respect to the insulator string. 
Graphical solutions can also be used for solutions of 
specific conditions. 

Clearance limits between the insulator string and 
yoke plate limit the relative rotation angle B to 2314 
degrees on this assembly. Solutions of equations 1, 2, 
and 3 for various loading assumptions show that angle 
6 would generally exceed 2314 degrees when combina- 
tions of heavy, medium, and light ice and wind loads 
are assumed to exist over full span-lengths of the four 
conductors. 

It is concluded that use of this system in a heavy or 
medium loading district requires careful co-ordination 
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ig. 9. 4-conductor bundle support variations. 


G— DUAL STRING 


of plate design with maximum unbalance assumptions. 
Additional data on unusual icing conditions of mul- 
tiple-conductor systems would be very helpful in pre- 
dicting mechanical performance. 

Transient motions resulting from ice unloading, 
short circuits, gusty winds, and possible aerodynamic 
instability again depend on a wide range of conditions. 
Any theoretical analysis would necessarily be based on 
so many simplifications and questionable assumptions 
that its validity would be doubtful. It is probable that 
the only satisfactory design criteria must come from 
field data. 


OTHER SHORT-COUPLED VARIATIONS 


‘THERE ARE MANY COMBINATIONS of insulator, hard- 
ware, and conductor arrangements which develop the 
mechanical and electrical advantages accruing from 
short coupling. Figs. 9 and 10 show some of the possible 
variations for supporting 2-, 3-, and 4-conductor bun- 
dles. The short-coupled system is inherently more 
adaptable to triple and quadruple-conductor bundles 
than to twin-conductor systems, because of the mechan- 
ical stability problem. However, Figs. 10-A and 10-B 
show two possible means of stabilizing a horizontal 
twin-conductor system. 

The swinging restraint of V-insulator strings offers 
further possibilities for phase spacing reductions and 
tower and right-of-way economies. In addition, mechani- 
cal stability considerations may favor V-strings where 
severe unbalanced ice conditions are encountered. 

The assembly shown in Fig. 9-C is especially adapted 


Fig. 10. 2- and 3-conductor bundle supports. 
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Fig. 11. Photograph of assembly 9-C mounted in outdoor laboratory. 


to icing districts. Use of two parallel insulator strings 
may be required to sustain heavy ice loads on four 
conductors, Longitudinal separation of the suspension 
clamps and yoke plate from the insulators appreciably 
that 
transient stability are improved. As the yoke assembly is 


increases the rotational clearances, so static and 
enclosed within the bundle, clamp accessibility is im- 
proved. 

Fig. 1] shows this assembly mounted for corona tests 
10-inch in- 


sulators per string. A small discharge near the pin of 


in the outdoor laboratory with 34 5%4- by 


one of the line units was the only visible discharge at 
500 kv to ground, which is equivalent to 865-kv system 
voltage. 

Phis performance, with the other tests reported here- 
in, indicates that control shields can be eliminated at 
transmission voltages higher than any presently con- 
templated. Hardware designed for this purpose also 
permit tower and right-of-way economies and improved 


transmission-line electrical performance. 


CONCLUSIONS 


1. Higher speed relay and breaker operations, the 
use of overhead ground wires, the use of armor rods for 
conductor protection, and improvements in the thermal 
shock resistance of insulators, have largely eliminated 
the need for arcing horn protection at all voltage levels. 

2. Improved suspension insulator resistance against 


ozone-accelerated hardware corrosion has reduced the 
importance of this control ring function for ehv. 

3. Twin-conductor 345-kv suspension assemblies with- 
out control rings may be sufficiently corona-free for op- 
eration on some systems. 

t. ‘Twin-conductor 460-kv suspension assemblies will 
probably require control rings. 

5. The conductors, particularly with 3- and 4-con- 
ductor bundles, should be coupled as high as possible 
with respect to the insulators to improve the insulator 
RIV characteristics. 


6. Prototype suspension assemblies using the’ prin- 
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ciple of conclusion no. 5 have been laboratory tested tu 
demonstrate that control rings can be eliminated at 
voltages to at least 650 kv. These assemblies operate at 
650 kv with less RIV than existing 345-kv suspension 
assemblies. 

7. Very substantial economic savings can be realized 
through use of short-coupled suspension assemblies, if 
right-of-way widths are reduced and smaller towers are 
designed for use with the special suspension assemblies. 

8. More field data are needed to establish the maxi- 
mum amount of ice load unbalance on multiple-con- 
ductor systems. Data are also needed on the transient 
mechanical behavior of multiple-conductor systems. 

9. Conventional cap-and-pin suspension insulators are 
suitable for transmission voltages beyond any presently 
contemplated. 
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Mobile Communications 


A highly mobile, jeep-mounted, single-sideband com- 
munication system, the MRC-83, designed and manutfac- 
tured by Collins Radio Company for U.S. Marine Corps 
field use, provides reliable short- and long-range com- 
munication over 28,000 automatically tuned r-f chan- 
nels. The MRC-83 is designed for simplicity of opera- 
tion in the field and is of modular construction to per- 
mit quick servicing and maintenance. The MRC-83 
system offers voice, cw, and teletypewriter communica- 
tion and is also usable with old AM systems. The high- 
frequency 1I-kw transceiver, mounted in a water-tight 
encasement on the rear deck of the jeep, will remain 
fully operational even after complete submersion dur- 
ing fording and amphibious operations. 
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A Low-Speed Thyratron 


Counter-Scaler Unit 


O. G. GABBARD 
STUDENT MEMBER AIEE 


Counter-scaler units are used in many areas of 
electrical engineering and the physical sciences 
where measurement and control of pulse-type 
signals are required. Component circuits and 
operation are described of a scaler unit that can 
achieve any desired scaling factor by the use of 
feedback in cascaded binary circuits. 

N many fields of measurement, it is necessary to 
time recurring events accurately and to record high- 
speed phenomena. A counter-scaler unit is used in 

those applications where the counting of a large num- 

ber of pulse signals must be done by relatively slow me- 
chanical recording devices. It is particularly useful in 
nuclear physics and cosmic ray measurements where the 
frequency of received pulses is not uniform in time, and 
where the pulses are of such high frequency that me- 
chanical counting devices are not feasible. By scaling, 
that is, reducing the apparent recurrent rate, to a speed 
that is compatible with mechanical recorders, the num- 
ber of received pulses may be recorded on a reduced 
scale for later evaluation. Scaling is that process by 
which the number of input pulse-type signals is divided 
or scaled down by a predetermined number, called the 

“scaling factor.” Scaling units have been employed ex- 

tensively in areas of nuclear physics for pulse counting, 

in multiplex communications systems for timing pur- 
poses, and in various other areas of recording and con- 
trol of high-speed phenomena. 

A low-speed counting and scaling unit has been de- 
signed employing thyratron tubes as the switching ele- 
ments. The operation of this unit will demonstrate the 
use of feedback in cascaded binary counting circuits to 
achieve a scaling factor of any desired integer. The 
counter-scaler unit that was built to demonstrate the 
use of feedback in cascaded binary circuits is shown in 
Fig. 1. 

DESIGN CRITERIA 

‘THERE in the design of counter- 

scaler units because of their varied requirements of 


IS MUCH INTEREST 
scaling factors, frequency limits, heat dissipation, and 
reliability, and the useful life of circuit components. 
Electronic engineers and physicists are constantly faced 
with these problems, either in the actual measurement 
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and recording of data, or in the design of appropriate 
equipment for these operations. The scaling factor is 
chosen on the basis of the relative frequency of data to 
be recorded and the speed of response of the recorder, 
and is determined in part by the choice of a number 
system for the recorded data. The decade number sys- 
tem (powers of 10) used in day-to-day activities is easily 
understood, and a scaling factor of 10 or 100 is com- 
monly used. Other scaling factors are necessary in some 
applications, so that scale-of-5, scale-of-25, and other 
circuits must be designed. 

Other problems in scaling operations may be elimi- 
nated by using special components and circuits, Tran- 
sistors are useful in circuit requiring low heat dissipa- 
tion, but stability and reliability are very difficult to 
obtain in transistorized units without extreme care in 
the design of the circuits using them. Matched parts are 
usually necessary in these circuits. Because the transis- 
tor is temperature-sensitive, the use of this component 
in scaler units is undesirable in some applications. 

The thyratron, a gas-filled tube, depends upon gas 
ionization for its operation, and its heat dissipation is 
very small. It has a long lite, and because it has a very 
positive switching action when used in scaling opera- 
tions, the thyratron is very reliable as a scaler compo- 
nent. 

Characteristics of a Thyratron. A thyratron is a hot- 
cathode gas-filled tube containing, in addition to the 
plate and cathode, a special grid structure. In this tube, 
the grid almost completely surrounds the cathode and 


Fig. 1. Counter-scaler demonstrator. 
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Fig. 2. input trigger circuit and waveforms. 


plate structures. The purpose of the grid is to deter- 
mine the conditions under which the gas will ionize. 
Because the grid almost completely shields the cathode 
from the plate, it is possible to nullify a large potential 
on the plate by a relatively small negative potential on 
the grid. In this way the grid is able to control the plate 
voltage at which the gas will ionize and the tube start 
its conduction. However, as soon as conduction starts 
and the ion plasma is established, the grid no longer 
has any control over the plate current. The plate cur- 
rent then is determined by the applied voltage and the 
load impedance. This result is the consequence of the 
formation of an ion sheath around the grid structure 
during conduction. 

In order to stop conduction of a thyratron, the plate 
voltage must be brought near zero, since the grid has 
no control of plate current during conduction. Con- 
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versely, if the grid of the tube is biased quite heavily, 
30 volts or so, the tube may be turned on only by bring- 
ing the grid voltage near zero while the plate voltage 
is positive. This is easily accomplished by applying to 
the grid positive pulses of the proper magnitude. When 
the correct potentials are applied to the electrodes of a 
thyratron to start its some finite time 
elapses between the application of the potentials and 


conduction, 


the breakdown of the gas. This is the ionization time of 
the tube, and is usually small (1 microsecond or less). 
In the same way, when the plate voltage is reduced to 
zero to stop conduction, the thyratron requires a deioni- 
zation (turn off) time. The deionization time is the 
minimum length of time required after plate current 
ceases for the positive ions of the grid sheath to diffuse 
away and be neutralized to an extent that the grid can 
control the tube when the plate is again made positive. 
The deionization time is determined by several factors, 
including the magnitude of current interrupted, the 
shape and size of electrodes, and the gas pressure in the 
tube. The deionization (turn off) time is usually much 
longer that the ionization (turn on) time for a given 
tube. 

The characteristics of the thyratron grid and _ plate 
voltages in controlling plate current make the thyratron 
tube a very good 2-state device, which is necessary in 
counting and scaling units employing the binary sys- 
tem of on-off operation. 


THEORY OF THE SCALER UNIT 


THE SCALER which was designed consists of three sec- 
” “bi- 
nary,” and “delay’’ sections. The operation of each of 
these sections is described below. 


tions, hereafter designated as the “input trigger, 


Input Trigger Section. The input trigger section is 
designed to accept as inputs various voltage waveshapes, 
and to yield as an output a uniform waveshape. This 
action is shown in Fig. 2. This circuit, employing a thy- 
ratron tube, is useful as a trigger-pulse source when the 
input signal that is being counted is not of uniform 
waveshape. The thyratron will conduct whenever its 
grid is brought positive enough to allow conduction, re- 
gardless of the waveshape of the grid signal. Since the 
thyratron is characterized by an avalanche type of ac- 
tion when it comes into conduction, it is well suited 
for forming voltage spikes for initiating binary action. 

The action of the trigger circuit occurs in this man- 
ner. When the grid is driven positive enough above its 
40-volt bias to allow conduction, the normally off tube 
will fire and send out one positive pulse through the 
output diode-capacitor network, D,-C,. After the input 
pulse has receded, and with the tube now in conduc- 
tion, capacitor C discharges, allowing a sufficient voltage 
drop across R, to reduce the plate voltage below the 
value necessary to hold the tube in conduction. When 
this value of voltage is reached, conduction ceases, and 
the circuit will accept another input waveform to re- 
peat the process. Thus, a uniform output signal is ob- 
tained for various input waveforms. 
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Binary Section. The criterion for a simple elec- 
tronic scaler is that it have two stable states between 
which it may be switched. This makes possible a circuit 
that is designed to give one output pulse for every two 
input pulses. A unit of this design is usually referred to 
as a “binary” or “scale-of-2” circuit. Such a circuit em- 
ploying thyratron tubes is shown in Fig. 3. Assume that 
the initial state of the binary is such that tube 7, is off 
and tube 7, is conducting. Now if a positive pulse is 
fed into the grids, T, will fire. The plate voltage of this 
tube will drop, and due to the differentiating effect of 
C,, a negative spike will appear at the plate of T, 
which will cut off its plate current. The action of the 
circuit is now complete until a second positive pulse is 
applied at the grids. This will fire T, and a similar ac- 
tion as explained previously will cut off the plate cur- 
rent in 7. 

When Ty, fires upon the application of the second 
pulse, the drop across R, sends a positive pulse through 
the diode D and capacitor C. This output pulse oc- 
curs for every two input pulses, or whenever T, fires. 
This circuit, then, is a scale-of-2 divider, vielding one 
output for every two input pulses. The output of a 
single binary stage such as this circuit may be used as 
the input to another succeeding stage, to yield an ulti- 
mate division by any power of two, by a requisite num- 
ber of stages. 

The binary section of the demonstrator built in this 
project is made up of a series of cascaded binary stages; 
i.e., the output of one binary serves as the input to the 
next in the series. Since each individual stage divides 
the number of incoming pulses by 2 (scale-of-2), two 
stages in series will divide by 2? (scale-of-4), and it fol- 
lows that n stages in series will divide by 2°. The opera- 
tion of binaries in series is shown in Fig. 4. This system 


is limited to division by numbers that are powers of 2. 


Feedback in Cascaded Binaries. If it is desired to di- 
vide by a number other than a power of 2, circuits that 
include feedback may be employed to yield division 
by any chosen integer. Examples are scale-of-5, scale-of- 
10, and others. These scalers use the binary system with 
forced resetting at some specified count. This resetting, 
or “advance of count” as it is called, restores the circuit 
to some predetermined condition, and is effected by 
feeding back the output of some stage to one of the 
preceding stages. An individual binary stage cannot 
distinguish between pulses that are fed back and those 
due to additional input pulses. Through the use of 
feedback in this manner, one or more of the binary 
stages may be switched even though no additional pulses 
were applied to the input of the system. This reduces 
the number of input pulses necessarv to yield an out- 
put, and therefore reduces the number by which the 
system would normally divide. The difference between 
the new divisor (with feedback) and the normal divisor 
(without feedback) is known as the advance of count. 

To examine the effect of feedback in cascaded binary 
stages, consider the system illustrated in Fig. 5, where 
B,, Bo, etc., are individual binary stages, and feedback 
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Fig. 4. Operation of binaries in series. 


lines between stages are shown. Each binary is made up 
of two thyratron tubes and their associated components 
as explained previously. Let the tube on the right side 
of each binary be conducting (state 1) and the left tube 
be nonconducting (state 0). If one pulse is applied at 
the input, B, will change to state 1; i.e., from right tube 
conducting and left tube off, to left tube conducting, 
right tube off. Now when a second pulse is sent in, B, 
will return to state 0 and send one pulse out to Bs, 
which will change the state of B, from 0 to 1. If pulses 
continue to arrive at the input, ordinary binary action 
takes place until the eighth pulse. At this time, T, is 
turned on (Bg returns to state 0), and the positive pulse 
from the output of B; resets B, and B, through the 
feedback lines. Now after the thirteenth pulse (5 more 
pulses), the system will be in the same state as it was 
after the eighth pulse. Then for every five pulses ap- 
plied at the input, the system will undergo a complete 
cycle and one output pulse will be obtained; i.e., the 
system is dividing by 5, and is a scale-of-5 circuit. 

To avoid having to feed in the additional pulses to 
complete the first cycle of operation, a scheme for un- 
symmetrical initial setting may be used. When the unit 
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Fig. 5. Feedback in cascaded binary stages. 
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is reset to begin counting, the left tube of each binary 
(instead of the 
conduction. 


right tube) may be initially set into 
This initial condition will yield an output 
pulse for every five input pulses. 

By changing the positions of the feedback leads, the 
scale of the system can be changed to any value between 

and the maximum available without feedback, in this 
case, 8. The three binaries used in this example may be 
employed as a scaler having a scaling factor of any 
integer between | and 8, by proper feedback arrange- 
ment. Feedback from the output stage to B, advances 
the count by 2°, to B, advances the count by 2', and to 
B. by 2°. Thus, in the circuit of Fig. 
the output stage to B, and By advances the 
count by 2° and 2! (1 + 2 = 3) 


by 8 5 > 5 


5, feedback from 
normal 
, and the circuit divides 


As a further example of the theory of feedback in 


binaries, let us look at the factors necessary to design a 


scale-of-25 circuit. First, a standard binary circuit hav- 


r« 


ing a scaling factor of 32 (closest to, but greater than 


25) will be chosen. Second, in order to convert this 


On 


scale-of-32 divider to a scale-of-25 circuit, 
need to be 


the count will 
feedback 
from the output stage of the system to B, advances the 
count by 2° = 1, to B. by 2! = 2, ete 
in count with feedback to the first three positions will 
be (1 +2+4+4=—7 


that is 


advanced by (32 25) = 7. Since 


. the total advance 


The circuit 
scale-of-25 


), the required number. 


arrangement necessary to obtain a 


scaling unit is shown in Fig. 6. 
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Fig. 8. Block diagram and timing sequence of the demonstrator 
as a decade counter (delayed feedback pulses blacked in). 


The advance of that will be needed in a 
particular application of the scaler may be obtained 


by feedback from the output of the last binary to vari- 


count 


ous points in the circuit. However, 


rule, 


this is not a rigid 


since other schemes work well for certain values. 


It is usually less complicated to feed back from a com- 
mon point, since some circuits, such as the ones de- 
scribed using thyratron tubes, will require some amount 
of delay between input pulses and the pulses that are 
fed back. 


eration of a single binary to be completed between the 


This delay time is necessary to allow the op- 


application of successive pulses. 
Delay Section. A binary circuit will function properly 


if the pulses applied too close to- 


gether in 


its input are not 
that 
between successive pulses for accurate counting is re- 
ferred to as the “ 
tion 


time. The minimum time must occur 


resolving time.’ Due to the deioniza- 
thyratron circuit 
usually has a longer resolving time than a correspond- 


time of the gas in the tubes, a 
ing vacuum-tube circuit. One of the main problems en- 
countered in the design of scaler circuits employing 
thyratron tubes is the required delay time between the 
application of pulses, to deionization 
times. If the time elapsing between the input pulse to 

particular stage and the feedback pulse to that stage 
is less than the resolving time, the 


allow for the 


feedback will have 
no effect on its operation, because the grid of the tube 
will not be able to control plate current as it should. 

Circuits may be designed that will obtain a resolving 
time This length of 
time will limit the frequency of signals that may be 


of about 10 microseconds or less. 
counted by a given scaler unit employing thyratron 
tubes, The time interval between input pulses must be 
longer than the resolving time if feedback is employed 
from the output to the 
than the 


Feedback to other 
is not so stringent, 
delay is still required 


first stage. 


first stage although some 


in these cases. Feedback trom a 
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common point is desirable, because only one delay net- 
work will be necessary to provide the required time in- 
terval for all stages. 

The monostable multivibrator shown in Fig. 7 can be 
readily used as a pulse delay device since it has an 
inherent delay. This circuit is designed such that tube 
T, is normally conducting and T, is off. If a positive 
pulse is impressed at the input, 7, will fire and T, will 
cut off. When T, cuts off, its plate voltage rises rapidly 
along the charge curve of capacitor C, and, as a result, 
its grid voltage rises rapidly along that same curve, since 
the grid is coupled to the plate through R,. When this 
action occurs, T, fires, T, is cut off, and a positive pulse 
appears at the output terminals. The time for the action 
described above is the delay-time of the circuit, and is 


variable within limits if R, and C, are variable (Fig. 7). 

The Complete Scaler Circuit. The block diagram and 
associated timing diagram for a complete system used as 
a scaler circuit are shown in Fig. 8. This unit is arranged 
with the delay section as a separate unit that accepts a 
pulse from the output binary stage, and after delay, 
feeds this pulse back to any number of points in the 
preceding binary stages to effect the required advance 
of count. In the demonstrator that was built as a part 
feedback to the first three stages is 
achieved by closing appropriate switches in the feed- 
back lines at the output of the delay section. The tim- 


of this article, 


ing diagram is shown for feedback to the second and 
third stages only, and the result is a scale-of-10, or 
decade, counter, 





A Semiautomatic Method 
for Resistor Testing 


W. P. BURKE 


This article describes a semiautomatic resistor 
test method and explains how this method im- 
plements the gathering of data necessary for 
reliability predictions. Also explained are the 
constructional details of the test system, includ- 
ing the various units and associated hardware. 


CCUMULATED resistor test data provide broad 

information relative to performance under closely 

controlled laboratory conditions. This informa- 
tion is projected to indicate what can be expected dur- 
ing field usage. Thus, a predictability program based 
on information supplied by automatic test equipment 
takes on added significance. 

A reliability theorem states that parallel results can 
be obtained through testing a small number of sample 
items over a long period of time or through testing a 
great number of samples over a short period of time. 
Although the short-time test is capable of producing 
more immediate results, its time-saving advantage is 
somewhat offset by the burden of gathering and proc- 
essing the greater magnitude of data if only manual 
methods are employed. Thus, automatic techniques for 
performing these tasks are desirable. 

This article describes a semiautomatic resistor test 
method that greatly implements the gathering of data 
necessary to predict the operational performance of re- 
sistors. 
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F. J. SCOTT 


NATURE OF LIFE TEST 


SINCE resistors are a high-reliability component and 
one of the most commonly used components in elec- 
tronic circuitry, proportionately large numbers of sam- 
ples must be tested to obtain data from which per- 
formance characteristics can be properly evaluated. In 
simulating the usual operating conditions of resistors 
over a long period of time, the samples are subjected 
to a load-life test. 

In the IBM’s 
Owego, N. Y., Federal Systems Division, several hun- 


environmental test department of 
dred resistors of different types and manufacture are 
now undergoing load-life tests. Typically, this testing 
includes loading the resistors up to full-rated wattage 
during a 75%, duty cycle (114 hours on, and 14 hour 
off) at ambient temperatures up to 125 C for an average 
of 5,000 hours. Resistance measurements of the samples 
are taken weekly during the first 2,000 hours of test 
weeks thereafter, until at least 5,000 test 
hours have been accumulated. 


and every 2 


FORMER TEST METHOD 


UNTIL RECENTLY, a test assembly used for resistor life 
tests was comprised of resistor mounting frames, high- 
temperature ovens, d-c power supplies, a timer to cycle 
the application of voltages to the resistors on test, a fuse 
panel, and complex manual switching units used to se- 
lect the individual test resistors for measurements. The 
resistance measurements were taken with a manually 
operated 5-dial Wheatstone bridge. 

The manual test method, while rendering precise 
measurements, is inherently slow and painstaking, and 
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a practical limit was imposed on the quantity of re- 
sistors that could be successfully handled. For instance, 
114 hours were required to measure and record 100 
samples. The average set-up time for 100 samples was 
approximately 24 hours. This time included mounting 
of all test samples, connecting the individual resistor 
test leads to terminals in the switching units, connect- 
ing the test voltages to the samples, installing voltage- 
dropping resistors for each sample, and wiring a Luse 
panel. As additional groups of test samples were in- 
corporated into this manual test system, difficulties in- 
creased because of the amount of time spent in testing 
and in the fabrication eftort required to expand the 


test setup. 


SEMIAUTOMATIC METHOD 


IN ANTICIPATION of a greatly expanded resistor test 
program, the resistor load-life test assembly was rede- 
signed with the aim of eliminating or minimizing as 
many difficulties as possible. Redesign considerations 
centered around the following objectives: 


1. Use of automatic measurement equipment. 
2. Integration of all equipment into common hous- 
ings. 

3. Ease of operation and maintenance. 

4. Uniformity and durability of assembly units and 


interconnecting cables. 


Fig. 1. 


Burke, Scott—Semiautomatic Resistor Testing 


These design concepts are embodied in the present 
test system, shown in Fig. I. 


AUTOMATIC UNITS 


To ACCELERATE the measurements of the samples un- 
der test, three automatic units are employed: a scanner, 
a commercially available digital ohmmeter, and an 
IBM electric typewriter. Fifty-pin connectors are used 
at selected points within the assembly for convenient 
interchange between individual resistor test frames, test 
loads, and automatic measuring units. Connector pins 
are gold-plated to minimize contact resistance. 

The automatic units provide a rapid method for se- 
lecting, measuring, and recording resistance values. For 
example, a group of 100 resistor samples can be com- 
pletely tested in 314 minutes, at 2 seconds per resistor. 
In comparison, the time spent in measuring 100 re- 
sistors by the manual method totaled 114 hours, nearly 
| minute per resistor. This marked contrast indicates 
the significant amount of time saved per resistor test 
sample with the automatic method, thus permitting a 
considerably greater amount of data to be gathered per 
given unit of time. 

The scanner automatically selects 100 resistors se- 
quentially, either individually or in groups. A group of 
resistors to be measured, e.g., | to 20, is preselected by 
setting a stop switch on the scanner. A RESET SELECTOR 
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Semiautomatic resistor load-life test assembly. 
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switch sets the starting point of the scanning process, 
and scanner position is displayed numerically (1-100) 
on an illuminated visual readout that corresponds to 
the particular sample under measurement. Each group 
of 100 samples must be manually and _ successively 
plugged into the scanner, since the input is limited to 
a pair of 50-pin connectors. 

The digital ohmmeter shown in Fig. 2 is an auto- 
matic bridge. When the bridge is unbalanced by the 
test resistor R,, an error signal is detected by the chop- 
per and amplified. This error signal automatically ad- 
justs the rheostat until the bridge is balanced. Contact 
closures of the digital rheostat operate a visual readout 
on the digital ohmmeter, a 5-digit Lucite plate array. 

The resistance range of the digital ohmmeter is 0.1 
ohm to 10 megohms, with accuracies extending from 
0.01% on the low end to 0.1°% on the high end of the 
resistance range. 

Information received from the scanner and digital 
ohmmeter is relayed to the IBM electric typewriter 
The 
typewriter presents the test data in numerical form. A 


through a commercially available control unit. 
representative reading would be “21 1050.5 ohms,” de- 
noting a resistance value of 1,050.5 ohms for sample 
number 21. 


HIGH-TEMPERATURE CHAMBERS 


HIGHLY INSULATED radiant-heat-type ovens with ex- 
cellent temperature regulation accommodate a maxi- 
mum of 10 resistor frames per oven, 100 resistors pei 
frame. The ovens were modified with channeled tracks 
for easy installation and removal of the frames. These 
are equipped with 168-hour temperature recorders to 
monitor oven temperature and to provide a record of 
oven performance. 


TEST RESISTOR FRAMES 


THE test resistor frames are constructed to allow at 
least 1 inch of free air space between adjacent resistors 
mounted on the frame. To insure high insulation re- 
sistance at high temperatures, cables for the resistor 
frames are fabricated of Teflon-insulated wires that ter- 
minate at the 50-pin connectors. These connectors are 
plugged into a drop resistor rack where the appropriate 
test voltages are available. 
STANDARD RELAY CABINETS 


THE other test assembly components—drop resistors, 
fuse panel, load time, current and voltage test panel, 
and power supplies—are contained in three standard 
relay cabinets (Fig. 1). Adequate ventilation is obtained 
through the use of cabinet louvers and exhaust fans 
mounted on the top of each cabinet. 


Drop Resistors. A drop resistor, wired in series with 
each test resistor, is solder-mounted on bakelite termi- 
nal boards located in a relay cabinet. These drop re- 
sistors reduce the supply voltages to the required test 
voltages and prevent voltage variations across “in toler- 
ance” resistors caused by severe resistance deviations of 
other test samples. In the present test setup, 60 termi- 
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Fig. 2. Basic digital ohmmeter. 


nal boards, secured to a rack within the cabinet, are 
capable of holding 1,500 drop resistors. Additional cab- 
inet space is available to accommodate an additional 
1,500 drop resistors. Cables from the drop resistor 
boards terminate at 50-pin connectors mounted on a 
cutout plate on one side of the cabinet, making them 
accessible from the cabinet’s exterior. 


Power Source. Two relay cabinets house the fuse 
panel, load timer, and power supplies. The fuse panel, 
conveniently located in one of these cabinets, serves as 
a voltage distributor and circuit protector. The load 
timer permits time-sequenced power application to the 
test resistors. All power supplies are rack-mounted in 
the cabinets. The voltage and current test panel is util- 
ized to measure output currents and voltages under 
load conditions; it also offers a means for removing the 


loads from individual power supplies. 
CONCLUSION 


EXPERIENCE TO DATE confirms that the automatic re- 
sistor test system is valid and also offers definite advan- 
Since the test 
equipment, the amount of effort and number of man- 


tages. introduction of the automatic 
hours required to perform a given resistor life test has 
been appreciably reduced. This system would be a defi- 
nite asset in any large-scale resistor test project, and its 
principles could also be applied to the testing of other 
types of components. In addition to the relative ease 
and substantial time-saving advantages, the inherent 
advantages of typewritten data presentation—neatness, 
conciseness, and easy reproducibility—are also realized. 
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Gas-Discharge Lamp Fixtures for Aircraft Navigation 


M. G. TYLER 
ASSOCIATE MEMBER AIEE 


AVIGATION LIGHTS provide the observer with 
N the information required to determine the posi- 
tion or orientation of the aircraft and, thus, its direc- 
tion of travel, so that a collision avoidance maneuver 
may be executed. One way to improve the aircraft navi- 
gation lights is to increase the intensity of the lights so 
they may be observed from a greater distance. 

Lamps utilizing gaseous discharge as a light source 
have been available for over 50 years. These lamps, 
now widely used, lack the simplicity of the incandes- 
cent lamp, but offer high lighting efficiency, inherent 
color characteristics, and excellent resistance to vibra- 
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Fig. 1. Wing-tip lighting fixture. 


tion and shock. It is required that a gas-discharge lamp 
have the following characteristics if it is to be suitable 
for use as an aircraft navigation light: 


|. Red, green, and white aviation colors meeting 
civil and military requirements. 

2. Instant start to permit flashing. 
3. Highest practicable intensity. 

t. Flexibility in shape, to permit flush installation 
in the thin wing tips of high-performance jet aircraft. 

5. High resistance to shock and vibration. 

6. Operability in the range of temperatures encoun- 
tered by aircraft. 


7. Long life. 


Gas-discharge lamps of the type used for high-quality 
luminous advertising signs most nearly meet the listed 
requirements. 


High-performance aircraft have very thin wing tips. 


Digest of paper 60-1055, ““Gas-Discharge Lamp Fixtures for Aircraft 
Navigation Lights,” recommended by the AIEE Aero-Space Transporta- 
tion Committee and approved by the AIEE Technical Operations Depart- 
ment for presentation at the AIEE Pacific General Meeting, San Diego, 
Calif., Aug. 8-12, 1960. Published in AIEE Applications and Industry, 
Jan. 1961, pp. 461-66. 


M. G. Tyler is with Douglas Aircraft Company, Inc., El Segundo, Calif. 


196 Tyler—Gas-Discharge Lamp Fixtures 


The gas-discharge lamp may be made small in diam- 
eter, so that it can be totally submerged in most air- 
craft wing tips with no degradation in aircraft per- 
formance. Figs. | and 2 show fixtures currently applied 
to the Navy model A4D type aircraft. 

Continuously heated filament-type cathodes are pro- 
vided in each end of the lamps to permit instant start- 
ing of the lights. 

Since the gas-discharge lamp has a negative resistance 
characteristic, a current-limiting element must be con- 
nected in series with each lamp. A high-reactance auto- 
transformer is provided for this ballast requirement. 
It must provide an initial high voltage of approxi- 
mately 800 volts to strike the arc in the gas-discharge 
tube at the beginning of each half cycle and must then 
limit the arc current to 250 milliamperes, at which 
the lamp is operated. The gas-discharge lighting fix- 
tures developed for aircraft use have 


1. Higher intensity and greater coverage than the 
presently used incandescent lights. 

2. High resistance to vibration and shock, as found 
in high-performance jet-type aircraft. 

9 


3. Long life equal to that of some types of military 
aircralt. 


The use of these lighting fixtures in conjunction with 
a good anticollision beacon light system is expected to 
provide pilots with improved visual information so 
vitally needed to avoid air collisions. 
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Fig. 2. Circular type 
taillight. 
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Reclosing Relay for Ring Bus Substations 


L. A. DAVIDSON 
MEMBER AIEE 


ING buses as herein discussed are divided by cir- 
R cuit breakers into sections, each of which provides 
termination of a source or load. Each source or load 
may be connected to its section by a motor-operated 
air-break switch. Such a ring bus poses problems not 
A fault trips both 
circuit breakers of a section. When the circuit breakers 


encountered with a straight bus. 


trip, it is important that the ring be restored as rapidly 
as possible, since a true bus does not exist. If the ring 
should become open at another location, several prob- 
lems may develop, depending on design. Generators 
can be isolated, the system split apart, relaying handi- 
capped by separating zero-sequence sources, or loads 
dropped unnecessarily. It is important that a faulted 
line be isolated and the ring restored as rapidly as pos- 
sible to shorten the vulnerable period. The best method 
of accomplishing this is to automatize the two circuit 
breakers and the air-break switch. 

Three possible fault conditions are considered when 
applying automatic reclosing on a ring-bus-type sub- 
station: (1) A transient line or bus fault with successful 
reclosure. (2) A persistent line fault with unsuccessful 
reclosures. The air-break switch is opened to isolate 
the line. 
bus. (3) A persistent fault on the bus with unsuccessful 


A successful final reclosure restores the ring 


final reclosure leaves the ring bus open. 

An automatic reclosing device has been developel 
which operates the circuit breakers and air-break 
switch of a ring bus section. It disconnects a faulted 
line and restores the ring bus to service, after making 
required checks. The device consists of an assembly of 
17 standard telephone-type relays and one 5-level 25- 
point rotary stepping switch. 24-cell or 60-cell battery 
operation is optional. The assembly is mounted in a 
double-ended, drawout case (Fig. 1). 

Timing is obtained by standard automatic-telephone 
type circuits which operate the rotary switch by steps. 
Timing intervals can be adjusted from 3 to 15 seconds 
per step of the rotary switch. These intervals produce 
an over-all timing cycle adjustable from 114 to 614 
minutes, 

When the two terminal breakers trip, one breaker 
recloses in the desired time interval after verifying that 
the line is de-energized or energized and in-phase. If this 
or any subsequent reclosure is successful, the second 
breaker closes the ring, provided that desired in-phase 
and voltage conditions exist. 


Digest of paper 60-1267, ““A Relay Designed to Meet Automatic Reclosing 
Requirements of Ring Bus Substations,’ recommended by the AIEE Sub- 
stations Committee and the AIEE Relays Committee and approved by 
the AIEE Technical Operations Department for presentation at the AIEE 
Fall General Meeting, Chicago, Ill. Published in AIEE Power Apparatus 
and Systems, Feb. 1961, pp. 1188-97 


L. A. Davidson and V. M. Hines are with the Oklahoma Gas and Electric 
Company, Oklahoma City, Okla 
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V. M. HINES 
ASSOCIATE MEMBER AIEE 
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If a persistent fault exists, the ring bus reclosing relay 
will, after verifying that both circuit breakers are open 
and the line is de-energized, open the motor-operated 
air-break switch, disconnecting the line. After verifying 
that the air-break switch is open, it will then close 
(1) If this 
reclosure is successful, indicating a persistent fault on 


the first breaker, testing the bus section: 


the line, the device verifies that in-phase conditions 
exist and closes the second breaker, restoring the ring 
bus to normal; (2) If this reclosure is unsuccessful, in- 
dicating a persistent fault on the bus section, the device 
ceases operation and locks out. 

After any successful operation of closing both circuit 
breakers, the ring bus recloser will reset after prede- 
termined intervals. 

Many desirable interlocks may be interposed, such 
as lockout of reclosing due to faults in adjacent trans- 
former sections, or temporary elimination of first re- 
closure during hot-line work. Interlocking of circuit 
breakers and air-break switch controls and line indica- 
tions are all built into the device. Sequential operation 
of circuit breakers and air-break switches is positively 
assured under all conditions in a minimum of time. 
Accurate timing is maintained over a wide range of 
voltage, with flexibility of adjustment. Self-contained 
interlocking and checking features require a minimum 
of auxiliary devices. This results in savings of asso- 
ciated panel space and wiring. The reliability and 
value of the device is verified by operating experience. 


197 





Grounding Grid Resistance of 


Small and Large Substations 


E. T. B. GROSS E. J. WALLMAN 
FELLOW AIEE ASSOCIATE MEMBER AIEE 





Data presented herein make possible the evalu- 
ation of grounding resistances of switch yards 
of all practical sizes. Included is the considera- 
tion of the influence of all significant design 











parameters, such as conductor size and depth 
of the grid below the earth's surface. 











HE grounding resistance of large rectangular grids 





and plates of various length (L) to width (W) 





ratios (including squares L = W) have been inves- 
tigated in earlier papers.!-* In addition to the L/W 





ratio as one parameter, a second parameter d/W (1/2d 
being the depth of the grounding mat below earth sur- 











face) was used in the tabulation of the results. Since L : n 


and W indicate the size of the grid, and because d will d/W x 10° 
not vary greatly in different applications, the ratio d/W W/C for plates. 
will be a general measure of the size of the substation. 


This study is concerned with the extension and refine- 





ment of previous work?" to relatively small substation 
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Fig. 1. Typical 
grounding grid con- 
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Fig. 3. W/C for 1-mesh grids. 
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and switch yards, down to areas of 5,000 square feet and 
L/W ratios between | and 4. Included is the considera- 
tion of plates since they provide the limiting values of 
grids with ever increasing mesh-numbers. 

The method of calculation is the same as described in 


W/C x 10° — FT/CM 


the earlier papers, but the computations were performed 
on the IBM 650 magnetic drum computer. Eight sig- 


A special article recommended for publication by the AIEE Substations 
Committee 














E. T. B. Gross is with the Illinois Institute of Technology, Chicago, IIL; 
EF Wallman is with the General Electric Company, Syr: > N 
J I ; acuse, N. Y. d/W x 102 
The authors express their gratitude to the Armour Research Foundation 
for making available the facilities of the Computer Center for this study. Fig. 4. W/C for 4-mesh grids. 
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nificant figures were used throughout, and all values 
which duplicated previous computations checked them 
very well, so that errors are virtually eliminated.‘ 

Tables | through 4 contain the results for the plate, 
the I-mesh, 4-mesh and 9-mesh grids at L/W ratios be- 
tween 1.0 and 4.0. All values are based on the r/W value 
2.1213 x 10-4 for a typical square grid with an area of 
20,000 square feet and a conductor r of 0.03 foot. The 
effect of increasing the conductor radius, when d is kept 
unchanged, is the same as keeping the conductor un- 
changed and increasing d in the same ratio. Therefore, 
changes resulting from other conductor radii can easily 
be taken into account.* 

The values W/C, as given in the tables, are the basis 





Table I. Results for the Plate, W/C in ft/em 








d/W wWw/C w/c Cc w/C 


0.09212 0.04186 
0.0005 0.09206 
0.0008 
0.001 one 
0.0025...... 0.09185. 
0.0041 
0.005. 
0.0085 
GMCs svesces 0.09091. 
0.0167 aed within 
a, SRT 0.08979.... 








Table Il. Grid of One Mesh, W/C in ft/em 





L/W 1.5 L/W = 2.0 L/W = 3.0 L/W = 4. 





w/C w/c 
0.1187 0.09213 
0.08577 
0.07917 
0.07634 
0.07351 
0.06639 


d/w w/C 
0.000. 
0.001 
0.005 
0.01 

0.02.. 
0.0425 


w/C 
0.07576 
0.07068 
0.06540 

. 0.06313 
0.06087 
0.05501 


..O.1141 
0.1097 
0.09822. 


. 0.09759 
0.09382 
. .0.08366 








Table III. Grid of Four Meshes, W/C in ft/em 








L/W = Lf L 2. L/W = 3.0 L/W = 40 





w/c 
0.06349 
0.06001 
0.05639 
0.05483 
0.05437 

. .0.05048 


d/w w/C /C W/C 
0.000 0.1128.. ..-0.09581 

0.001 0.1060 . 0.09014. 
0.005 . 0.09895 0.08425..... 
0.010 . 0.09590 
0.020 . -0.09287.... 
0.0425. ..0.08510... 


. 0.07676 
. .0.07243 
0.06793 
0.06599 
. 0.06405 
0.05909 


..0.07919.... 
. 0.07281 








Table IV. Grid of Nine Meshes, W/C in ft/em 





L/W 1.5 2.0 rr = 388 





d/W w/C w/c W/C 

0.000 0.1019 0.08662.... ...0.06744 
0.001 . .0.09802 0.08342.... . .0.06504 
OBES. .ccrccs we ae 0.07776 0.0608 1 
0.010 . 0.09024 0.07695 0.06021 
0.020 ne KENT 0.07387 0.05791 
0.0678 0.07763 0.06649. . 0.05205 
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Fig. 5. W/C for 9-mesh grids. 


for the resistance calculation. If W/C is equal to k, the 
total grounding resistance is 


R (ohms) — — k . 

In W 

where 9 is expressed in ohm-centimeters, k in feet per 
centimeter and W in feet. 

Fig. 1. shows the typical configuration of a square 
grounding grid with four meshes. Fig. 2. shows k-values 
(W/C) for the plates, and Figs. 3 to 5 the k-values for 
the grids. 
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An Eye for the Sky 


Man is dwarfed by the 60-foot antenna of one of the 


world’s most powerful microwave radars now under 
construction at Cornell Aeronautical Laboratory, Inc. 
(CAL), Buffalo, N. Y. When the experimental! 50-mil- 
lion-watt radar installation begins operating this Fall, 
CAL scientists will study the ability of “high peak 
power” radar to penetrate the earth’s ionosphere in 
order to detect and track ballistic missiles and satellites 
with greater accuracy and at considerably longer range 
than is now possible. CAL is conducting its high peak 
power radar for the U.S. Defense 
Department’s Advanced Research Projects Agency un- 
der the supervision of the Army Rocket and Guided 
Missile Agency. The 50-million-watt transmitter for the 
new installation was designed and built by FXR, Inc., 
of Woodside, L. I., N. Y. 


research program 
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A Voltage Comparator for 


Low-Frequency Noise Measurements 


F. A. SPELMAN 
ASSOCIATE MEMBER AIEE 


The voltage comparator described was designed 

for the purpose of measuring low-frequency 

noise in transistors. In addition, it can be used 

to study any noise phenomenon within the 50- 
to 5,000-cycle spectrum. 


low- 
the 


classified 
ty pes: 


XPERIMENTAL 
frequency 


STUDY 


transistor 


has 


noise into two 
theoretically predicted noise, usually predomi- 
nant at frequencies greater than | kc, and the unpre- 
dicted “excess noise,” generally predominant at fre- 
quencies lower than | kc. Excess noise (also called 1/f 
noise because of its increase with decreasing frequency) 
makes transistor circuit design difficult in low-frequency 
small-signal applications. In order to translate excess 
noise into a usable noise figure, we must measure the 
noise and study its properties carefully. 
Since noise is studied in statistical terms, we must 
measure excess noise in statistical terms. Given a device 
that produces an output for input signals of only one 


voltage level, we can measure the probability density 





- 
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Fig. 1. Block diagram of the noise-voltage comparator. 


function of any waveform. Such a voltage slicer of in- 
finitesimal voltage width and variable voltage level, 
usel to control a gate, will do just that. If a signal of 
the desired level is present, the slicer opens the gate for 
the exact time that the proper signal level is at the in- 
put. For any other signal level, the gate remains closed. 
Thus, for any unit of time a measure of the percentage 
of time that the gate is open is a measure of the proba- 
bility that the input signal exists at the desired level. 


Essentially full text of the 1958-59 first prize paper presented at the 
District 8 meeting of Student Branches for the purpose of Branch papers 
competition. Recommended for publication by “the AIEE Educational 
Publications Committee. 


F. A. Spelman, formerly a student at Stanford University, Stanford, Calif., 
is with Mikros Electroscience, Yakima, Wash. 


The author expresses his appreciation to Dr. M. M. McWhorter, Prof. 
Rudolf Panholzer, and P. O. Lauritzen of Stanford University for their 
valuable advice and to the Hewlett-Packard Company for the loan of 
one of their counters for demonstration purposes. 
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A voltage slicer of very small (though not infinitesi- 
mal) voltage width can be built, but the time spent on 
the slicer is not warranted since the same job can be 
done with a simpler device, the voltage comparator. 

The voltage comparator does not measure the proba- 
bility density function of a given waveform. Rather, it 
measures the probability that a waveform exists at or 
above voltage level. This probability is the integral of 
the waveform’s probability density function, its proba- 
bility function. Hence, if we use a voltage comparator 
to measure the probability function of any waveform, we 
can differentiate the result, either analytically or graphi- 
cally, and obtain the desired probability density func- 
tion. 

A voltage comparator in the form of Fig. 1 readily 
measures probability. When a waveform is fed through 
a clipper into a trigger, the trigger delivers an output 
for any input voltage at or above the clipping level. 
The trigger output is now fed into an AND gate together 
with a counting frequency f. Every time that there is 
an input voltage signal above the clipping level, pulses 
of frequency f appear at the output of the gate. The 
gate output is counted over a given length of time T. 
The ratio of pulses counted per period to the product 
{T is a direct measurement of the probability that the 
input signal exists at or above the given voltage level. 
If the clipper is variably biased, then the clipping level 
can be changed at will, and the probability function 
of any input waveform can be measured. 

The comparator discussed here measures input signals 
from 0 to -10 volts in amplitude, from 50 cycles to 5,000 
cycles. There are four black boxes: the variably biased 
clipper, the trigger, the gate, and the output amplifier. 

The clipper (Fig. 2) uses a 1N658 silicon diode. The 
diode is normally backbiased by the d-c potential of the 
slider arm of the 1,000-ohm potentiometer. The resolu- 
tion of the bias adjustment is 0.01 volt when the voltage 
across the 1,000-ohm potentiometer is 10 volts. The 
two variable resistors (1,200 and 200 ohms) adjust the 
zero and full-scale range of the clipper. 

The trigger circuit employs two 2N655 transistors, 
T, and T,. T, is connected as an emitter follower 
which is emitter coupled to T,. When an input signal 
is greater than the clipping level set on the level-setting 
potentiometer, 7, conducts, thus increasing the voltage 
drop across the 2,700-ohm emitter resistor, and turning 
T, off. When the input signal is less than clipping level, 
T, is cut off and T, conducts. Since there is no feed- 
back in the trigger circuit, it has no hysteresis effect. 
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Fig. 2. Circuit diagram for 


The trigger, therefore, turns the AND gate on and off 
at the same voltage level. 

The ANp gate employs a 1N96 germanium diode and 
a common emitter transistor amplifier. The diode has 
a 3-volt back bias while T, is conducting. The base 
T., has a 2.5-volt back bias. Hence, unless 
T; is receiving the 100-kc counting frequency pulses 


circuit of 


(2 volts peak) and Ty, is cut off (input signal greater 
than clipping level), T, is cut off. 

The output of the ANp gate is a-c coupled to the 
output amplifier, another common emitter transistor 
amplifier. The rise time of the output stage (16 micro- 
seconds) is determined by its output circuit. The 100- 
kc output is 6 volts peak-to-peak, more than enough 
voltage to exceed the threshold of the Hewlett-Packard 
521 counter, which is used for probability readings. The 
counter is gated over a one-second interval; probability 
is read directly on the counter: a count of 100,000 cor- 
responds to a probability of one; a count of zero cor- 
responds to a probability of zero. 

The comparator was calibrated with a 1,000-cycle sine 
wave of 20 volts-to-peak amplitude. The measured 
probabilities lie within 1% of full-scale reading (prob- 
ability of 14). Thousand-cycle calibration results are 
Table I. 

Frequency response was measured from 5 to 5,000 
cycles. The measured probabilities lie within 4% of 


shown in 





Table I. Results of 1,000-Cycle Calibration 


Actual 


Probability 





Measured 
Probability 


Amplitude 
Level, volts 


0.500 
ah 7 0.419 
. 0.332 me 0.338 
0.229 
.0.166 
0.000 


0.500 


0.000 





Table II, Frequency Response Under Various Conditions 
Frequency Response at a Wa 
50 eps 500 eps 1,000 eps 


0.498 
0.330 


Amplitude * 


Level, volts 5S cps 


0.0......0.497 
—5.0......0.350 


5,000 eps 





0.500...... 0.510 
0.333 . .0.340 


0.498 
0.330 
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the noise-voltage comparator. 


full-scale reading (see Table II). The upper frequency 
limit of 5 ke is determined by the lack of resolution 
that occurs as the input frequency approaches 100 kc; 
i.e., a single gained or lost frequency pulse becomes 
more significant as the frequency increases. 

The low-frequency limit is determined by the input 
circuit. The input is coupled with a 100-uf capacitor to 
keep the d-c component of the input signal from the 
level-setting potentiometer in the clipping circuit. To 
maintain high a-c impedance and to maintain a low 
d-c impedance so that the potentiometer is an accurate 
voltage reference, a 15-henry inductor was added be- 
tween the sliding arm of the potentiometer and the in- 
put capacitor. But the inductor—capacitor combination 
resonates at 5 cycles, and signals of a few cycles fre- 
quency can excite the resonant circuit, so the low- 
frequency limit was set at 50 cycles. 


CONCLUSIONS 


THE COMPARATOR should work well as a 


probability meter for noise signals. It provides a means 


VOLTAGE 


for measuring the probability function of any wave- 
form in the 50- to 5,000-cycle band to within 4% ac- 
curacy, and should help to clarify the study of noise. 
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Methods of Controlling Generation 


on Interconnected Power Systems 


NATHAN COHN 
FELLOW AIEE 


This article summarizes several general ap- 

proaches to automatic regulation and economy 

dispatch that have evolved in recent years and 

suggests a system of classifying them by their 
basic scope and method. 


HERE HAS BEEN increasing use in recent years 
of area-wide generation control systems which 
place most or all of an area’s generating facilities 
under automatic control. Advances in the technology of 
energy conversion have resulted in a corresponding 
disparity between the heat rates of the alternative gen- 
erating sources which might be used to satisfy consumer 
demand. This disparity, coupled with varying fuel costs 
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Fig. 1. Simplified representation of an interconnected system. 


and varying transmission loss factors, permits significant 
fuel savings as a result of automatic economic loading— 
economy dispatch—of various sources. 


PYPES OF INTERCONNECTIONS 


Five of the country’s six major interconnections op- 
erate on a “multiple area” basis, a designation applied 
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to an interconnected system containing constituent 
operating areas, each of which is to absorb its own load 
changes. Economy interchange, furnishing lower-cost 
energy from an area which has it in excess, to another 
area where it is used in place of local higher-cost energy, 
is achieved by scheduling and maintaining interarea 
power flows. Standard practice for most multiple-area 
interconnections is for each area to regulate its inter- 
change with the interconnection as a whole, using net 
interchange tie-line bias control. 

One major interconnection normally operates on a 
“single area’ basis. This designation infers that load 
changes, regardless of where on the system they occur, 
to the next-in-line 
system they are lo- 
cated. Economy interchange between companies is not 


are allocated for economy dispatch 
sources regardless of where on the 


scheduled in blocks as on multiple-area systems. Econ- 
omy interchange occurs, however, whenever—in achiev- 
ing system economy dispatch—one company alters its 
generation in response to a load change that occurs on 
another company’s network. 


THE AREA CONTROL PROBLEM 


THE OBJECTIVES of generation control are (1) to match 
total system generation to total system demand, and (2) 
to obtain the requisite total from available system 
sources with such allocation among them as will fulfill 
system operating criteria. 

On a single-area system, the objective of such alloca- 
tion is to achieve economy dispatch of the system. 

On a multiple-area system, the allocation objective 
is in itself twofold. There is the allocation step of caus- 
ing each area to absorb its own load changes. There is 
then the allocation step of achieving economy dispatch 
within the area. 

A simplified representation of an interconnection 
having five participating companies, A through E, is 
shown in Fig. 1. Simplified representations of tie-lines 
T, loads L, and alternative generating sources G and G’, 
corresponding to all of each company’s tie-lines, loads, 
and generating sources, are shown. These companies 
may operate as a single-area system, as five separate 
areas, or they may operate with any intermediate com- 
bination of areas, which are defined in each instance 
by the boundary ties that are metered to make up each 
area’s net interchange with the interconnection as a 
whole. 
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A functional and block diagram of generation control 
for a typical area of a multiple-area system—area 4 of 
Fig. 1, for example—is shown in Fig. 2. It illustrates the 
three steps of the generation control problem. 


Step 1—System Governing. The match of total system 
generation to total system load is achieved by the aggre- 
gate action of the speed governors on all of the oper- 
ating sources of area A acting in concert with all other 
speed governors of the system, and by the frequency 
coefficient of all connected system load. 


Step 2—Area Regulation. The regulating requirement 
for the area, defined as its “area requirement,” is com- 
puted from the following equation: 


E = (T-—T1) — 10B(Fo— Fi) 
where 


= A T — 10B(AF) (1) 


= area requirement, megawatts 


area net interchange schedule, megawatts, at normal fre- 
quency 


prevailing area net interchange, megawatts 
frequency schedule, cycles per second 
prevailing frequency, cycles per second 
area bias, megawatts per one-tenth cycle 
Area regulation is achieved by applying corrective 
control action to area sources until area requirement is 
reduced to zero. 


/ REOUCE 


, STEP 2 


Step 3—Economy Dispatch. In the process of reducing 
area requirement to zero, there is the need for deter- 
mining the extent to which each source shall participate 
in this control action so that sources are loaded for opti- 
mum economy. Such loading is achieved when sources 
are loaded to equal incremental costs of power deliv- 
ered, defined by the following general equations: 


6Hn 
dP, 5 
OL 


~ OPp 


dF, 





where 


X = area incremental cost of power delivered 


incremental cost of power generated at source ” 
incremental transmission loss for source ” 


a 
= incremental heat rate for source n 
dP, 


incremental fuel cost for source n 


fs = 


The basic problem of economy dispatch is to compute 
the desired outputs for each of the area sources in such 
manner that (1) all area sources will be operating to a 
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Fig. 2. Functional and block diagram of an automatic generation and power flow control system as applied to area A of Fig. 
1. Source bias factors, shown in broken lines, are used where control execution is of the mandatory type. 
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Fig. 3. Factors to be considered in determining how the total generation 
required of an area is to be allocated among available area sources. 


common area lambda, and (2) the sum of the desired 
outputs of all sources will equal the total generation 
required of the area at that time. For each prevailing 
area condition, there is a unique value of lambda that 
corresponds to the total required area generation. 

It can therefore be postulated that to establish the 
there must be knowledge of the 
total generation then required of the area. This knowl- 


appropriate lambda, 


edge can be implied, as in some executions, or it can be 


direct, as in others. 


In achieving economy dispatch, consideration must 
be given to the several parameters that appear in equa- 


tion 2, as well as to a number of possible constraints or 


overriding factors which may mitigate against the 


achievement of theoretical economy dispatch. This is 
summarized in Fig. 3. 


ae F _ = 5 "RES. | oon 
REOT. | @ GEN ms ee 


CLASSIFICATION OF CONTROL SYSTEMS 

WHILE THERE Is essentially universal agreement in this 
country on the basic approach to net interchange tie- 
line bias control for area regulation, there are a num- 
ber of differences in the executions that have been used 
to achieve automatic economy dispatch. Some of these 
and innovation in 
the state of the art; others reflect the competitive tech- 
nologies of a competitive economy. 


differences reflect normal evolution 


To permit a ready review of the basic nature of vari- 
ous control systems, to highlight the evolution of the 
art, and to clarify the differences between older systems 
and the newest techniques, it is convenient to classify 
control approaches into various groups. Since there are 
at present no formal classifications for various types of 
such classifications will be intro- 
Three broad classifi- 
cations have been established, based on the portions of 
the integrated multiple-area problem which the control 
system undertakes to solve and on the nature of the 
programming technique that is utilized. Each of these 
three classes is additionally subdivided by the nature of 


generation controls, 
duced for the present discussion. 


the common reference that is used for establishing 
source loadings. 


CLASS I CONTROLS—AREA REGULATION ONLY 


A Crass I control system is one which undertakes to 
provide area regulation only, 
Economy dispatch within the area is 
achieved by manual adjustmert of the generation levels 
of area sources. Many of the country’s early multiple- 
area installations were of this type. 

There are three subdivisions in this class: 


step 2 of the multiple- 
area problem. 


Class I, Type 1. Single-Source Regulation. In this 
execution, control is applied to only a single generating 
unit at a time. Very few in- 
stallations of this 
main in operation. 


type re 





Class I, Type 2. Multiple- 
Source Regulation, Single- 
Source Output Reference. 
Here control is applied si- 





multaneously to two or more 
units. Participating sources 
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are automatically loaded 
with 
level on one of them which 
is designated as the master. 
A few early installations of 
this type remain. 

Class 1, Type 3. Multiple- 
Source Regulation, Area Re- 
quirement Reference. In this 
execution, control is applied 
to two or more units at a 


respect to the load 
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Fig. 4. Class Il, 
puts combined with a feed-forward from area requirement. 
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Type 3 flexible program control. The common reference is a feedback from source out- 
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time. Participating sources 
are automatically loaded 
with respect to a reference 
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which, in achieving auto- 
matic dispatch, simultane- 
ously achieves the objectives 
of area regulation. A com- 
reference is used for 
source loading. The distin- 
guishing characteristic of 
this class is that the loading 
programs are manually set. 
set to 
dis- 
the 


econ- 


mon 


Programs may be 


achieve true economic 
or to 


for 


patch, 


need 


recognize 
overriding 
dispatch with factors 
This class 
generally requires that pro- 
grams be reset for various 
combinations of participat- 


omy 
shown in Fig. 3. 
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Fig. 5. Class Il, 
feedback through the area control loop, 


derived from area requirement. Very few installations 
use this arrangement by itself, though it is frequently 
used in combination with economy dispatch systems to 
achieve more rapid area regulation. 


CLASS Il CONTROLS—ECONOMY DISPATCH, 
FLEXIBLE PROGRAMMING 


A Ctass II control is an area contro] system that is 
applied to most or all of the generators of the area and 





Type 1 economy dispatch, The common reference lambda adjustment is achieved by 


ing sources. 

Subdivisions in this class 
are identified by the nature 
of the 
that is used program- 
ming source loading. 

Class 11, Type 1. Single-Source Output Reference. 
This designation applies to a control where the refer- 
ence for source programming is the output of one of the 
sources which is designated as master. Such program- 


common reference 


for 


ming tends to be complex, depending on which source 
is the master, and which combination of sources is in 
operation. One of the country’s pioneer area-wide in- 
stallations was of this type, and is still in successful 
operation. 
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Fig. 7. Class Ill, Type 3 economy dispatch, based on equation 7. | 
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i t is achieved by intermediate feed- 





back from source outputs combined with feed-forward from area requirement, and is independent of area control loop. 


Class II, Type 2. Total Area Output Reference. This 
designation applies where the reference for source pro- 
gramming is the total prevailing output of participating 
sources. Data tor the reference would be obtained from 
an intermediate feedback related to prevailing output 
of participating sources. A limitation of this approach 
is that computed generation desired from each source 
is based on the total generation already existent in the 
area, and not on the total generation then required of 
the area. 


Class II, Type 3. Total Area Required Output Refer- 
ence. Here the reference for source programming is the 
total generation required of the participating sources to 
satisfy area load and reduce any prevailing area require- 
ment to zero. The common reference is derived by using 
an intermediate feedback related to prevailing genera- 
tion of the participating sources, as in Class II, Type 2, 
but combining with it a feed-forward related to prevail- 
ing area requirement, as shown in the block diagram of 
Fig. 4. Thus, desired generation computed for each 
source represents the source output which is to prevail 
after area requirement is reduced to zero. 

This approach to area-wide generation control pro- 
vided for the first time a noninteracting technique of 
multiple source control having the important feature 
that for a given area load, the rate at which each source 
responds to control action does not influence the de- 
sired generation computed for other area sources. Such 
controls are currently in widespread use. 

The computing circuits for the area-wide generation 
type of control operate to allocate any existing area 
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requirement E in accordance with the following re- 
lationship: 


ZSn 


(3) 


where S, is the generation-change requirement for each 
area source n. It is the generation change required of 
that source to match it to its programmed allocation. 

The same basic concept of intermediate feedback 
combined with feed-forward is utilized for unique lamb- 
da reference computation in the newest economy dis- 
patch system described under Class III, Type 3. 


CLASS Ill CONTROLS—ECONOMY 
FIXED PROGRAMMING 


DISPATCH, 


A Crass III control system, like those of Class II, ap- 
plies automatic control to most or all of the generators 
of the area. Like Class II, it fulfills area regulation ob- 
jectives while achieving automatic economy dispatch, 
and uses a common reference for source loading. The 
distinguishing characteristic of this class is that the com- 
mon reference is incremental cost. 

Control execution for economy dispatch is based on 
loading participating sources to equal incremental cost. 
Programming of a source is based on a preset relation 
between incremental cost and output for that source. In 
that sense, the economy dispatch program is fixed and 
has the advantage that it need not be changed for vari- 
ous combinations of participating sources. Also, this 
approach co-ordinates well with automatic computation 
and application of transmission loss factors. 

This approach has been increasingly used in recent 
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years. The common reference may be incremental cost 
of power delivered or, in instances where transmission 
losses are not considered to be significant, the common 
reference may be incremental cost of power produced. 

Grouped in this class, but subdivided as different 
types, are control systems where the common reference 
either continuously represents incremental cost, or only 
represents incremental cost during certain conditions 
of balance. 


Class III, Type 1. Lambda Reference Adjustment 
Through Area Control Loop. This designation applies 
to a control where the common reference is not inde- 
pendently computed as incremental cost, but is estab- 
lished by a floating search initiated from prevailing area 
requirement. In this method of lambda determination 
there is not a direct use of the total generation required 
of the area. Lambda is adjusted until area requirement 
is reduced to zero. By that inferential means, required 
area lambda is related to required area generation. Con- 
trol is a series cascade, with feedback through the power 
network and the boundary tie-lines determining when 
the reference lambda has been properly established. 

A simplified block diagram showing the application 
of this type of control is shown in Fig. 5. For simplicity, 
no transmission loss or fuel factors are shown or con- 
sidered in this schematic diagram (or in Figs. 6 or 7) 
and it is assumed that the lambda reference may be 
regarded as incremental heat rate of the sources. 

In this method, the common reference accurately rep- 
resents the lambda required for prevailing conditions 
only when the two following relations are fulfilled: 


(4) 


(5) 


Several controls utilizing this type of economy dis- 
patch are in operation at present. 


Class III, Type 2. Lambda Reference Adjustment 
Using Area Output Feedback. In this type of control, 
the common lambda reference is established independ- 
ently of the area control loop. Lambda adjustment is 
based on a comparison between summated desired gen- 
eration of the participating sources and total prevailing 
area generation. A basic block diagram for this type of 
control is shown in Fig. 6. 

It will be noted that this method of lambda determi- 
nation uses an intermediate feedback from the output 
of participating sources, in the manner illustrated in 
Fig. 2. It will be observed, however, that the lambda 
thus determined corresponds only to the total genera- 
tion already carried in the area, and makes no provision 
for further area generation changes needed to reduce 
any prevailing area requirement to zero. 

At least one installation of this type of control] is in 
use at the present time. 


Class Ill, Type 3. 


Lambda Reference Adjustment 
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Using Area Output Feedback and Area Requirement 
Feed-Forward. This is one of the newest of the economy 
dispatch techniques. Here the computation for lambda 
adjustment is carried a step further than in Class III, 
Type 2. In addition to the intermediate feedback from 
participating sources, the lambda adjustment computa- 
tion includes a feed-forward from prevailing area re- 
quirement. This is illustrated by the block diagram of 
Fig. 7. 


The lambda adjustment is based on an error signal 


derived by comparing the computed desired genera- 
tion for all the participating sources with the total gen- 
eration required of the area to carry its own load and 
reduce any prevailing area requirement to zero. The 
lambda thus determined, therefore, corresponds to the 
total area generation that will prevail after area require- 
ment has been reduced to zero. Similarly, the desired 
generation thus computed for each of the participating 
sources represents the generation level that is to prevail 
for each source after area requirement has been reduced 
to zero. 

The equation for lambda adjustment in Fig. 
follows: 


7 is as 


E+23G, ==D, (6) 


or 


E = =D, — Gn = = (Da—Gn) 

from which 

E = ZSy 

where 

E area requirement 

G, = actual generation of each participating source 


D, = computed desired generation for each participating 
source 


S, = source requirement for each participating source 


It will be noted that equation 8 is identical to equa- 
tion 3, which represented the allocation relationship 
of the Class II, Type 3 control. This equivalence will be 
readily understood when it is realized that both control 
types use the same ultimate reference of feedback from 
prevailing outputs of participating sources combined 
with feed-forward from area requirement. In the case of 
Class Il, Type 3, the combination of these parameters 
is used as a direct reference for source allocation and 
yields source requirements whose algebraic sum is equal 
to area requirement. In the case of Class III, Type 3, 
this same combination of parameters is used as a pri- 
mary reference, which results in the establishment of a 
secondary common lambda reference at a value causing 
fulfillment of the relation that the algebraic sum of 
source requirements equals prevailing area require- 
ment. 

The lambda thus established continuously represents 
the incremental cost which will prevail for the total 
generation then required of the area. It is based on di- 
rect rather than inferred knowledge of the total genera- 
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tion need of the area. Control execution is still a cas- 
cade, but the common lambda reference is now unique- 
ly established independently of the action or response 
of source regulators and independently of feedback 
through the area control loop and the boundary tie- 
lines, Like Class II, Type 3, and unlike Class III, Types 
| and 2, this is a noninteracting control, and the desired 
generations computed for participating sources at a 
prevailing area load are unaffected by the rate at which 
each participating source responds to control action. 
For simplification, the block diagram of Fig. 7 does 
A 


block diagram of a Class III, Type 3 control based on 


not include transmission loss or fuel cost factors. 
equation 8 rather than equation 6 and including these 
additional factors is shown in Fig. 8. 

A number of installations of this type have been 
made during the past two years. Others are in the proc- 
ess of installation. 

A feature of a Class III, Type 3 control system, as has 
been noted, is that the lambda and desired generation 
computations are independent of actual control action. 
Thus the computation portion of the equipment can be 
isolated from control operation and can be used to de- 
rive data on area conditions that will prevail for vari- 


ous operating situations. 


COMBINATIONS 


CONTROL sySTEMS have been classified in this article 
by the basic concepts which they employ. It will be 
understood that each of the classes and subdivided types 
could utilize optional features and arrangements, and 


some installations might represent combinations of 
more than one class. It is beyond the scope of this arti- 
cle to analyze all of these variations; however, a few 
remarks will be made about some of them. 


Area Assist Action. In executing economy dispatch 
on multiple-area systems, a normal objective would be 
to assign generation changes to area sources so that area 
regulation is achieved at the same time that the econ- 
omy dispatch objective is fulfilled. In such an execution, 
each area load change would be assigned to that area 
source that is to absorb it for economy dispatch. Each 
area load change would thus be absorbed only once, and 
generation changes within the area would be mini- 
mized. In some areas, however, the permissible rate of 
change of the generation sources which are next in line 
to pick up load changes for economy dispatch may not 
be sufficiently great to satisfy fully the needs of area 
regulation. That is to say, such rigid economy dispatch 
may not reduce area requirement to zero rapidly enough 
or maintain it within acceptable limits. 

In such cases, the control can be arranged to make an 
initial assignment of generation changes to units not 
then in line to retain them for economy dispatch, and 
then re-allocate them to the economy dispatch sources at 
rates permissible for those sources. This is the signifi- 
cance of the two arrows marked “Rate of Change of 
Customer Load” and “Permissible Rate of Change of 
Sources” shown entering the bottom of the “Assimila- 
tion and Computation” block in Fig. 3. Such control 
action has been identified as area assist, fringe, or pro- 
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n 8, and expanded to include incremental transmission loss 
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portional action. It is achieved by various combinations 
of a Class I, Type 3 approach with Class II and Class III 
controls. Many such arrangements are currently in use. 


EQUIPMENT LOCATIONS 


Fics, 2 and 4 to 8, inclusive, do not identify the loca- 
tion of the equipment represented by their several 
blocks. In practice, some of the control equipment will 
generally be located at a centralized dispatching office 
while other portions of the contro] system will be lo- 
cated at the generating sources. Also, there will be prob- 
lems related to there being several units, not just one, 
at each of the stations. Thus, in an actual installation, 
there will be a host of complexities not shown in the 
illustrations in this article, but basic concepts will re- 
main as shown in the simplified block diagrams. 


CONTROL EXECUTIONS 


THE DIAGRAMS in this article show methods of calcu- 
lating generation change requirements of sources par- 
ticipating in economy dispatch control. These source 
requirement blocks are shown feeding “regulator” 
blocks, which in turn are shown as operating on the 
sources to reduce a corresponding requirement to zero. 
There are two basic methods of control execution cur- 
rently in use. They may be termed “permissive” and 
“mandatory.” 

The difference between them derives from the fact 
that there are two levels of error signal which dictate 
generation change of participating sources. One error 
signal is at the area level and is the area requirement. 
The other is at the source level and is the source re- 
quirement. The paragraphs that follow describe briefly 
each of the two types of contro] execution. 


Permissive Control. In this execution, all corrective 
control action originates from area requirement. Source 
requirement regulators determine whether or not the 
prevailing control action from area requirement will or 
will not be applied to their respective sources. When 
the area requirement, for example, is for “raise,” all 
sources which have a “raise” requirement are permitted 
by their respective source regulators to respond to the 
control signal. Fig. 6 would normally involve such per- 
missive control. 


Mandatory Control. In this execution, control action 
on each source is directly from its own source require- 
ment regulator. Action on each source takes place to 
restore its own requirement to zero, regardless of the 
then prevailing nature of area requirement. Figs. 2, 4, 
5, 7, and 8 could utilize either permissive or mandatory 
control. 

A postulate to be observed in connection with manda- 
tory executions is that the source requirement compu- 
tation should include a source-frequency bias factor if 
the supplementary control is to co-ordinate with source 
governor responses to remote load changes. If this were 
not done, mandatory source regulators would oppose 
the response of governors to remote load changes and 
would introduce corresponding and unnecessary genera- 
tion swings on the source. Such source bias factors, 
though omitted for simplicity from most of the figures, 
are shown as broken line blocks in Figs. 2 and 8. Source 
bias factors can indeed be used to impose a definite 
predetermined frequency—output characteristic on the 
source which will override the variable characteristic of 
the governor itself. Some of the more recent mandatory 
execution installations have included such source bias 
factors. 





More on the Radiant Heat Pump 


(This is a brief follow-up on “The Radiant Heat 
Pump,” which appears on p. 118 of the February 1961 
issue of Electrical Engineering.) 


There is, of course, a fallacy in this article. Yet any- 
one who makes what he thinks is a reasonable sketch 
is almost certain to hide the truth from himself. Deal- 
ing only with the ideal form, Fig. 1(a): 


It is true that all 30 watts from the small plate get 
to the large plate and are absorbed there. It looks as if 
much more than 30 of the 120 watts from the large 
plate will get to the small plate. However, this is not 
true; only 30 watts will get to the small plate. 

What happens to the other 90 watts from the large 
plate? They get turned back. If you make a fairly true 
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copy of Fig. 1(a) and start some radiated beams out 
from the large plate at more angles than I have shown, 
you will find that a ray bouncing out soon bounces 
back. It is one of those cases where one’s judgment goes 
woefully off the beam. 

As a general truth, if you evacuate a complete enclo- 
sure which is lined with perfectly reflecting material, 
and place any two objects in it at different tempera- 
tures, they will trade radiant energy directly and by 
reflection until they come to the same temperature. 
When that happens, the net energy change is zero. If 
the two objects are placed in there at the same tempera- 
ture, they will remain that way. 


A. D. Moore (F °43) 
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TO 


Summer General Meeting 


How long has it been since you've made those 
trips to class? Relive your college days at AIEE’s 
Summer Meeting at Cornell! 
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Cornell's extra-high-voltage (345- 
kv) cable research program will be 
open to view at the meeting. 


IMAGINE the ideal place to hold an AIEE Summer 
General Meeting—plentiful and well-equipped confer- 
ence halls, nearby rooming accommodations to fit 
every budget, adequate parking facilities, an atmos- 
phere conducive to technological and scientific discus- 
sion, plus picturesquely beautiful surroundings with 
a wide variety of summer recreational activities 
available. 

Sound idyllic? Well, it is—but more than that, it’s 
actually going to happen this year! In a departure 
from regular practice, AIEE has scheduled this year’s 
Summer Meeting, June 18-23, on the campus of one 
of America’s most beautiful universities—Cornell. 
Here, in the heart of New York State’s fabulous Finger 


Lakes country, you will be able to combine the regular 
Institute meeting with a week-long fun-packed vaca- 
tion. And note this: For less than it would have cost 


for you alone at the usual resort-hotel meeting, you 
will be able to bring your family along for the entire 
week! 

Nestled among the rolling hills which overlook 
Lake Cayuga, Cornell University is a world-renowned 
seat of learning amid a lovely scenic landscape. The 


Student living quarters, such as in this fraternity 
house, will provide inexpensive housing for the 
Summer Meeting. 
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Ithaca, N. Y., 18-23 


last AIEE general meeting to be held on a college 
campus took place there 25 years ago. 

The Cornell campus provides convenient recrea- 
tional opportunities to satisfy almost every taste. Fine 
libraries, music rooms, and an art museum comple- 
ment the laboratories and scientific facilities of a com- 
plete university. VERMONT 

For the “athlete,” there are tennis courts, an indoor 
swimming pool, and a championship 18-hole golf 
course. Walking through the gorges that bound the 
campus on the north and south should prove delight- 
ful to many visitors. In addition, short off-campus 
trips to such places as Watkins Glen, the Corning 
Glass Center, Hammondsport Wineries, and Taughan- 
nock Falls State Park are being planned. 

Housing will be available both on and off campus. 

Student living quarters on the campus offer economy 
in price and proximity to meetings. For those who 
like to “rough it,” there are three beautiful State 
Parks with camping grounds nearby. 

You would enjoy motoring to Cornell through the 
exquisite New York State countryside. Otherwise, the Te eee mee wee 
University can be reached by air, rail, or bus, 


CANADA 


a 


One of Cornell's electrical engineering labora- Phillips Hall, Cornell's E.E. build- Willard Straight Hall, which will serve as 
tories. All technical and scientific facilities will ing, will be the scene of much AIEE headquarters for the AIEE Summer Meeting at 
be available for inspection. activity at the Summer Meeting. Cornell. 
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INS lddiad = 


President's Comments 


C. H. LINDER 
PRESIDENT AIEE 


At the Annual General Assembly of the Engi- 
neers Joint Council (EJC) on Thursday, January 
19, 1961, EJC Vice-President G. E. Holbrook, 
chairman of the Council's Technical Planning 
Committee, reported that EJC is preparing to 
take leadership and urged active support of 
the member societies in resolving the important 
task of developing means to co-ordinate and 
minimize repetitive presentation of technical 
material. AIEE President Clarence Linder fol- 
lowed with comments which are of interest to 
our membership. 


S one looks at the attention which is being given 
to the subject of co-operation, I agree that an all- 
inclusive national organization is probably far 

away. At the same time, there is a great deal happening 
today which represents unity in fact, without a formal 
organization. If you will bear with me a moment, I 
should like to state some points in a different manner, 
and perhaps put this matter in a new perspective. 

We have three elements for which all of the engineer- 
ing societies have, in their inception, mentioned con- 
cern: their interest in the professional stature and 
ethics of the profession; their interest in education; and 
their interest in the communication of technical infor- 
mation. 

Now with regard to the first element, the one con- 
cerned with ethics and stature of the profession, we 
have great emotional differences of opinion among our- 
They stem from wide factual differences in the 
nature of our employment, the characteristics of the 
subject matter we deal with, and the end product of our 
efforts. These differences pose many long-term prob- 
lems, difficult to resolve. 


selves. 


With regard to the element of education, it is my 
personal opinion that we have done a thoroughly effec- 
tive job through ECPD (Engineers Council for Profes- 
sional Development), the American Society for Engi- 
neering Education, and the committees that have repre- 
sented the various founder societies. There have been 
very cordial relationships, and much has been accom- 
plished. 

It is with regard to the last element, the exchange of 
technical information, that we seem so terribly inade- 


C. H. Linder is vice-president and group executive, Electric Utility 
Group, General Electric Company, New York, N. Y. 
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quate. For example, the only way that one can find out 
what is going on here in the United States in the area 
of technical meetings is to refer to a document pub- 
lished by an advertising agency. I do not think this is a 
very great compliment to the profession, although it 
may be to the advertising agency, that someone else 
must tell us who is holding meetings, where, and on 
what subjects. 

We have gone through a great transition, Our pres- 
ent engineering societies were centered around certain 
focal points which represented major fields of interest 
50 to 75 years ago. They tended to be broad, and largely 
self-contained; for example, electrical engineering, civil 
engineering, mechanical, and so on. These focal points 
are no longer relevant to information exchange in the 
practical sense that they had in the beginning. Today, 
we are accustomed to proliferating special fields within 
these older broad focal areas: moreover, a great many 
of the problems which now face us involve a wide 
gamut of disciplines, crossing not only the boundaries 
of fields of interest within a society, but also the bound- 
aries of the societies themselves. In many instances to- 
day, a single society which meets to discuss a subject 
within itself may take it for granted that it is truly talk- 
ing to itself—bypassing significant areas of competence 
and experience outside. We could find many instances 
where it is totally impossible to give adequate consid- 
eration to a subject without representation from the 
disciplines found in many societies. 

With the extraordinary growth in the funds of knowl- 
edge and understanding in our science and technology, 
and the proliferation of the kinds of disciplines needed 
to face important problems, we must have a cohesive 
force for the exchange of technology. In point of fact, 
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some of the new organization growth we call “splinter- 
ing” has been a process of integration around an infor- 
mation need. There are quite a number of meetings 
going on around the country now which are integration 
processes attempting to get the necessary disciplines to- 
gether to talk about the subjects that are of significant 
interest to engineers, 

We have evidence of this need. AIEE has in the past 
few years been holding what are called special technical 
conferences. These technical conferences have been or- 
ganized around such subjects as the rubber industry or 
the textile industry, and similar focal points. Here we 
find that we get twice the attendance per paper that we 
do in our own general meetings. Why? Because the sub- 
ject matter is vital, it is important. People rally around 
it. Many of these meetings have been jointly sponsored; 
by ASME (American Society of Mechanical Engineers), 
AIEE, IRE (Institute of Radio Engineers), and other 
societies. 

In my opinion, these partnerships have often been 


inadequate, because adequate treatment of the subject 
really required participation by at least half a dozen so- 
cieties, Many technical meetings—and I am sure that 
this is true for all societies—do not have the best 
speakers, the most prominent people, because these peo- 
ple simply cannot be called on to discuss their subjects 
over and over for the information of one society after 
another. You cannot attract them unless you get together 
a group of highly competent people, working in the 
field, who will really give and take and make the ex- 
change of information profitable. 

I appreciate this opportunity to speak about this mat- 
ter. As I have said before, I am delighted with Mr. Hol- 
brook’s comments, I am sure that we in AIEE will be 
more than pleased to join with the other societies to ac- 
complish appropriate joint meetings. We all have an 
obligation to ourselves, to industry, to government, and 
to society for the effective management of technology. I 
am afraid we are not doing too well; I am sure we must, 
and can, do better. 





AIEE Nominating Committee 
Selects Officers To Serve During 1961-62 


AIEE officers for terms beginning Au- neer, 


Constitution: “C60.020 .. . Additional 
nominations for any office may be made 
by written petition of twenty-five or more 
voting members, in accordance with rules 
set forth in the Bylaws. For the office of 
District Vice-President, the petitioners 
must be from the Districts concerned.” 


American Electric Power Service 


gust 1, 1961, were nominated January 30, 
1961, by the AIEE Nominating Committee 
during the Winter General Meeting at the 
Statler-Hilton Hotel in New York. 


For President: 
W. H. Chase, vice-president, Ohio Bell 
Telephone Company, Cleveland, Ohio 


For District Vice-Presidents: 

T. E. Marburger, assistant general su- 
perintendent, Electrical Operations, Balti- 
more Gas & Electric Company, Baltimore, 
Md. (District 2 

B. V. Martin, headquarters representa- 
tive, Westinghouse Electric Corporation, 
Charlotte, N. C. (District 4) 

W. B. Boast, head, electrical engineer- 
ing department, Iowa State University, 
Ames, Iowa (District 6) 

C. R. Day, electrical engineering super- 
visor, Sacramento Municipal Utility Dis- 
trict, Sacramento, Calif. (District 8) 

J. P. Skillen, 44 Paisley Ave., N., Hamil- 
ton, Ont., Canada (District 10) 

L. J. Weed, head, electrical engineering 
department, Boston Edison Company, 
Boston, Mass. (District 12) 

A. A. Johnson, engineering manager, 
Switchgear Division, Westinghouse Elec- 
tric Corporation, East Pittsburgh, Pa. 
(District 14) 


For Technical Vice-Presidents: 

C. E. Dean, radio engineer and editor, 
Hazeltine Research Corporation, Little 
Neck, L. L., N. Y. (Communications Divi- 
sion) 

L. R. Larson, staff engineer, The Mar- 
tin Company, Denver, Colo. (General Ap- 
plications Division) 

J. H. Kinghorn, deputy electrical engi- 
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Corporation, New York, N. Y. (Power Di- 
vision) 


For Directors-at-Large: 

J. W. Davis, assistant vice-president, op- 
erations—engineer, Southern Bell Tele- 
phone & Telegraph Company, Atlanta, 
Ga. 

L. C. Holmes, director of engineering 
operations, Stromberg-Carlson Company 
Division, General Dynamics Corporation, 
Rochester, N. Y. 


For Department Directors: 

Bradley Cozzens, assistant chief electri- 
cal engineer, Water & Power Department, 
City of Los Angeles, Los Angeles, Calif. 
(General Administration Department) 

W. F. Denkhaus, general plant exten- 
sion engineer, The Bell Telephone Com- 
pany of Pennsylvania, Pittsburgh, Pa. 
(Publications Department) 


For Treasurer: 

W. R. Clark, manager of production 
engineering, Leeds. & Northrup Company, 
Philadelphia, Pa. 


The Nominating Committee, in accord- 
ance with the Constitution and Byiaws, 
consists of one representative of each 
geographical District, one representative 
of each Technical Division, and other 
members chosen by and from the Board of 
Directors not exceeding in number the 
number of Technical Divisions. 

The Constitution and Bylaws of the 
Institute require publication in Electrical 
Engineering of the nominations made by 
the Nominating Committee. Provision is 
made for independent nominations as in- 
dicated in the following excerpts from the 
Constitution and Bylaws: 
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Bylaws: “B60.022. Independent Nomi- 
nations. Additional nominations for any 
office may be made in accordance with 
C26.020. Petitions, proposing the names 
of candidates as independent nominations 
for the various offices to be filled at the 
ensuing election, in accordance with 
C60.020, shall be received by the Execu- 
tive Secretary not later than March 15 
of each year. These nominations shall be 
included on the ballot if such candidates 
are eligible.” 


On the ballot prepared by the Nominat- 
ing Committee in accordance with the 
Constitution and sent by the secretary to 
all qualified voters on or before April 
15 of each year, the names of the candi- 
dates shall be grouped alphabetically un- 
der the name of the office for which each 
is a candidate. 

A list of members cf the Nominating 
Committee appeared in the February 
1961 issue of Electrical Engineering, p. 
oo. 

To enable those Institute members not 
acquainted personally with the nominees 
to learn something about their engineer- 
ing careers and their qualifications for the 
Institute offices to which they have been 
nominated, brief biographic sketches will 
be included in a future issue of Electrical 
Engineering. 


— 
i - 





Membership in the American Institute of Elec- 
trical Engineers, including a subscription to 
this publication, is open to most electrical en- 
gineers. Complete information as to the mem- 
bership grade, qualifications, and fees may 
be obtained from Mr. N. S. Hibshman, Secre- 
tary, 33 West 39th Street, New York 18, N.Y. 


213 











AIEE-IAS-IRE-U of P Engineering 
Aspects of Magnetohydrodynamics 
Symposium* 

University of Pennsylvania 
Philadelphia, Pa. 

March 9-10, 1961 


AIEE-ASME-II of T American 
Power Conference* 

Sherman Hotel 

Chicago, Il. 

March 21-23, 1961 


South East District Meeting* 
Jung Hotel 

New Orleans, La. 

April 5-7, 1961 


Rubber and Plastics Industries 
Conference*! 

Sheraton Hotel 

Akron, Ohio 

April 10-11, 1961 


Materials Handling Conference*1! 
Pick-Congress Hotel 

Chicago, Ill. 

April 11-12, 1961 


Electric Heating Conference*1 
Sheraton-Lincoln Hotel 
Indianapolis, Ind. 

April 11-12, 1961 


Extra High Voltage Cable 
Conference*! 

Mark Twain Hotel 

Elmira, N 

April 11-13, 1961 


AIEE-AWS Electric Welding 
Conference* 

Commodore Hotel 

New York, N. Y. 

April 17-21, 1961 


Cement Industry Conference* 
Sheraton-Cadillac Hotel 
Detroit, Mich 

April 18-20, 1961 


Great Lakes District Meeting* 
Hotel Pick-Nicolett 
Minneapolis, Minn. 

April 19-21, 1961 


AIEE-ASME Railroad Conference 
Sir Francis Drake Hotel 

San Francisco, Calif. 

April 20-21, 1961 

This conference has 

been cancelled. 


Joint Rural Electrification and 
Appliance Conference* 
Kentucky Hotel 

Louisville, Ky 

May 1-3, 1961 


ATEE-IRE-EIA-WCEMA Electronic 
Components Conference* 

Jac k Tar Hotel 

San Francisco, Calif. 

May 2-4, 1961 





AIEE Future Meetings 


Spring Textile Conference* 
Heart of Atlanta Motel 
Atlanta, Ga. 

May 4-5, 1961 


AIEE-IRE-ACM Western Joint 
Computer Conference’ 

Ambassador Hotel 

Los Angeles, Calif. 

May 9-11, 1961 

(Final date for +TP—closed, {CP 
Syn.—closed, CPMs—Mar. 6) 


Packaging Industry Conference 
New Ocean House 

Swampscott, Mass. 

May 15-16, 1961 

(Final date for +TP—closed, {cP 
Syn.—closed, CPMs—Mar. 10) 


North Eastern District Meeting 
Statler Hotel 

Hartford, Conn. 

May 17-19, 1961 

(Final date for +TP—closed, CPMs 
—Mar. 13) 


AIEE-IRE Globe-Communication V 
Conference* 

Sherman Hotel 

Chicago, Ill. 

May 22-24, 1961 

(Final date for +TP—closed, {CP 
Syn.—Mar. 8, CPMs—Mar. 17) 


ATEE-IRE-ISA-IAS-ARS National 
Telemetering Conference* 
Sheraton Towers 

Chicago, Ill. 

May 22-24, 1961 

(Final date for +TP—closed, tCP 
Syn.—Mar. 8, CPMs—Mar. 17) 


Fractional Horsepower Motors 
Conference 

Biltmore Hotel 

Dayton, Ohio 

May 23, 1961 

(Final date for +TP—closed, ¢tCP 
Syn.—Mar. 9, CPMs—Mar. 20) 


Summer General Meeting 

Cornell University 

Ithaca, N. Y. 

June 18-23, 1961 

(Final date for +TP—Mar. 20, ¢{CP 
Syn.—Mar. 30, CPMs—Apr. 14) 


Pulp and Paper Conference 
University of Western Michigan 
Kalamazoo, Mich. 

June 21-23, 1961 

(Final date for +TP—Mar. 23, {CP 
Syn.—A pr. 7, CPMs—Apr. 17) 


Aero-Space Transportation 
Conference 

Benjamin Franklin Hotel 
Philadelphia, Pa. 

June 26-30, 1961 

(Final date for +TP—Mar,. 28, tCP 
Syn.—Apr. 12, CPMs—Apr. 21) 


AIEE-AIChE-ASME-IRE-ISA Joint 
Automatic Control Conference 
University of Colorado 

Boulder, Colo. 

June 28-30, 1961 

(Final date for +TP—Mar. 30, {CP 
Syn.—Apr. 14, CPMs—Apr. 24) 
JETM&B-IFME International 
Conference on Medical Electronics 
Waldorf-Astoria Hotel 

New York, N. Y. 

July 16-21, 196] 

(Final date for +TP—Apr. 18, tCP 
Syn.—May 4, CPMs—May 15) 


Pacific General Meeting 

Hotel Utah 

Salt Lake City, Utah 

August 23-25, 1961 

(Final date for +TP—May 25, tCP 
Syn.—June 5, CPMs—June 19) 


AIEE-IRE-ISA Joint Nuclear Instru- 
mentation Conference 

North Carolina State College 
Raleigh, N. C. 

September 6-8, 1961 

(Final date for +TP—June 8, tCP 
Syn.—June 23, CPMs—July 3) 


AIEE-ASME Engineering Manage- 
ment Conference 

Hotel Roosevelt 

New York, N. Y. 

September 14-15, 1961 

(Final date for +TP—June 16, ¢CP 
Syn.—June 30, CPMs—July 11) 


Petroleum Industry Conference 
Jung Hotel 

New Orleans, La. 

September 17-20, 1961 

(Final date for +TP—June 19, {CP 
Syn.—July 5, CPMs—July 14) 


AIEE-IRE Industrial Electronics 
Conference 

Boston, Mass. 

September 20-21, 1961 

(Final date for +TP—June 22, {CP 
Syn.—July 7, CPMs—July 17) 


Fall General Meeting 
Statler-Hilton Hotel 

Detroit, Mich. 

October 15-20, 1961 

(Final date for +TP—June 14, {CP 
Syn.—July 27, CPMs—Aug. 11) 


Winter General Meeting 

Hotel Statler 

New York, N. Y. 

January 28-February 2, 1962 
(Final date for +TP—Oct. 30, {CP 
Syn.—Nov. 9, CPMs—Nov. 24) 


*Final date for submitting papers— 
closed 

INo conflict in subject matter 
2Planned to coincide 


+TP—Transactions Paper 

tCP Syn.—Conference Synopsis 
CPMs—Conference Manuscript 
DPMs—District Manuscript 

(District Paper Svnopses should be di- 
rected to the District Meeting Com- 
mittee) 


Transactions and conference papers must conform to the requirements in Author’s Guide. 
For a copy, write to E. C. Day, 33 W. 39th St., New York 18, N. Y. 
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LOUISIANA Power and 
Light Company's Little 
Gypsy Steam Electric 
Station will be visited 
April 7 during the Joint 
District Meeting of 
South East District 4 
and South Central Dis- 
trict 13. This is an 
aerial view of the 
230,000-kw generat- 
ing station, named for 
the plantation which it 
occupies in part. Loca- 
ted a short distance 
up the river from New 
Orleans, the station is 
the first completely av- 
tomated plant to be 
built in the world and 
is capable of comput 

controlled start-up and 
shut-down operation, 





Industrial Aerial Photo 
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AIEE Districts 4 and 13 Schedule 
Joint Meeting for April 5-7 in New Orleans 


NEW ORLEANS, La., will play host to 
South East District 4 and South Central 
District 13 for their joint meeting on 
April 5-7 at the Jung Hotel. 

The technical sessions will cover the 
latest developments in many fields of in- 
terest to AIEE members. The program 
encompasses the application of electricity 
in medicine, power and communications, 
industry, shipbuilding, and missiles. Along 
with engineering education, of strong 
regional interest is one session devoted to 
geophysical exploration. 


Social Events 


Visitors have always enjoyed New 
Orleans’ “Old World Charm” and world- 
renowned cuisine. 

A “Welcome to New Orleans” luncheon 
will be held Wednesday at 11:30 a.m. 
This function for both delegates and their 
ladies will officially open the meeting. 
The feature of the program will be a talk 
by “Pie” Dufour, New Orleans author, 
whose “A la mode” column appears daily 
in the New Orleans States—Item. 

The “Hospitality Party” will take place 
Wednesday at 5:30 p.m. This event for 
delegates and their ladies will provide a 
springboard for a night “out on your 
own” with an opportunity to enjoy inter- 
nationally famous cuisine at any of the 
many of New Orleans’ renowned restau- 
rants. Entertainment during the cocktail 
hour will be provided by a Dixieland 
group. 

On Thursday at 6:30 p.m., the “Re- 
freshment Hour and Dinner Dance” will 
take place. Delegates and their ladies are 
invited to enjoy an evening of fun, dining, 
and dancing. 
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Ladies Program 


The “See New Orleans” tour on 
Wednesday at 2:00 p.m., led by profes- 
sional guides, is designed to show how a 
dynamic city such as New Orleans has 
been able to meld the past with the pres- 
ent. It will include a visit to civic, resi- 
dential, and educational areas. 

“Breakfast at Brennan's” on Thursday 
at 10:00 a.m., will introduce a never-to- 
be-forgotten breakfast in true New Or- 
leans stvle. 

The “Tour of Vieux Carre” will be 
held on Thursday at 1:00 p.m. This walk- 
ing tour has been planned in order to 
view a section of the city which is truly 
old world transplanted to the new. His- 
toric French and Spanish architecture will 
be seen, along with quaint patios, antique 
shops, and many French Quarter res- 
taurants. 

At the special ladies meeting on Friday 
at 10:30 a.m., J. G. Adams will present 
an illustrated lecture on “The Total 
Electric Home.” 

A room has been reserved for morning 
and afternoon coffee for the ladies. Bridge 
tables and cards will be available. Mem- 
bers of the Ladies Activities Committee 
will be present throughout the day to 
welcome and assist visiting ladies. 

Inspection tours will be made to the 
following places: 


Wednesday, April 5 (2:00 p.m.) Avon- 
dale Shipyards. 
Thursday, April 6 (9:00 a.m.) American 


Sugar Refineries. 


Thursday, April 6 (1:30 p.m.) Harbor 
Tour, Yacht “Good Neighbor.” Celotex 
Corporation. 
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Friday, April 7 (9:00 a.m.) Kaiser Alu- 
minum and Chemical Corporation, Chal- 
melte Plant. 


Friday, April 7 (9:00 a.m.) New Orleans 


Sewerage and Water Board. 


Friday, April 7 (2:00 p.m.) Little Gypsy 
Steam Electric Station, Louisiana Power 
and Light Company. 


Friday, April 7 (2:00 p.m.) Jackson 
Brewery. 

Members of the Joint District Meeting 
Committee in charge of arrangements are: 
Chairman—J. R. Rombach; Vice-Chair- 
man and Ladies’ Activities—J. C. Ryan; 
Secretary—S. Cambias, Jr.; Assistant Sec- 
retary—M. L. Hurstell, and Treasurer— 
E. I. Blanchard. Committee chairmen are 
as follows: Program—J. A. Cronvich; Fi- 
nance—B. P. Babin; Registration—P. A. 
Dimberg; Entertainment—C. F. Dunn; 
Hotels—G. H. Keilermann; Inspection 
Trips—H. A. Schaeffer, Jr.; Publicity— 
R. J. Meyer, and Student—G. W. Webb. 

Ihe tentative technical program for the 
joint meeting follows: 


Wednesday, April 5 
1:30 p.m. Student Papers Competition 


Chairman: Chief judge of student papers, Dis- 
trict 4 


2:00 p.m. Sessions 


System Engineering and Planning 


Chairman: Jack Davey, Louisiana Power & 
Light Co 
Higher Secondary Utilization Voltages. 
1. L. Baxter, Allis-Chalmers Mfg. Co 


CP61-492. Digital Computer Analysis of a 
Radial Power System. G. A. Mathews, 
J. M. Barber, J. C. McKee, Jr., Missis- 
sippi State Univ. 
Voltage Regulation on Urban Systems. 
E. J. Kleine, Allis-Chalmers Mfg. Co 
The Methods and Policy of Voltage Con- 
trol on Louisiana Power & Light Co. 
System. H. L. Deloney, Louisiana Powet 
& Light Co. 


Missiles 


Chairman: H. I. Madden, Bedell & Nelson 
Engineers, Inc. 
A Communications Engineer Looks at 
Conical Scanning for Missile Tracking. 
Frank Coxe, Space Technology Labs, Inc, 


Automated Testing of the Tracking Ca- 
pabilities of Missile Ground Guidance 
Equipment. T. G. North, J. B. Casey, 
J. B. Crouch, J. L. Collins, Western 
Elec. Co. 





PREPRINT PRICES 


50¢ to Members. 
$1.00 to Nonmembers. 


ALL MAIL ORDERS must be accom- 
panied by remittance in full or 
coupons. 


COUPON BOOKS in $10 denomina- 
tions may be purchased. 


NUMBERED PAPERS only are avail- 
able. 


SEND ORDER and remittance to: 
AIEE Order Department 
33 West 39th Street 
New York 18, N. Y. 














The State of the Art of Electro-Magnetic 
Signal Att Ionized Planes. 
Horst Poehler, Space Technology Labs. 


Geophysical Exploration 


Chairman: W. D. Stroud, Okonite Co. 
Electronic Surveying in Offshore Areas. 
Joseph De Lerno, Jr., Offshore Naviga- 
tion, Inc. 

Environmental Problems of Electrical 
Components in Well-Logging 4 ; 
Skellie, Schlumberger Well Surveying 
Corp 

Semiconductor vs. Conventional Design 
in Seismic Amplifiers and Effects on Per- 
formance. Fred Hefer, Dresser Electronics 


Communications 


Chairman: F. ¢ 
& Telegraph Ce 


Hollins, American Telephone 


CP. Recent Developments in Digital Feed- 
back Communication System I S 
Schwartz, New York Univ. Discussion. 
G. D. Framton 

CP. Microwave Communication in the Gulf 
of Mexico. EF. B. Stevenson, Continental 
Pipe Line Co 

CP Ihe Telephone Concentrator for Cen 
tral Office Service Extension. R. C. 
Hingle Southern Bell Telephone & 
Telegraph Co 

CP61-211 Administration of Exchange Area 
Trunks for Good Transmission, J. D. 
Howard, Jr., Southern Bell Telephone 
& Telegraph Co. 


Thursday, April 6 


8:30 a.m. Student Papers Competition 


Chairman: Chief judge of student papers, Dis- 
trict 13 


9:00 a.m. Sessions 
Industrial Application I 


Chairman: M. G. Myers, Westinghouse Elec. 

Corp. 

cP [he Application of Digital Computers 
to Industrial Process Control Problems. 
R. S. Gillette, General Elec. Co 

CP. A Supervisory Control and Telemeter- 
ing Installation in an Industrial Plant. 
H. O. Borque, Ethyl Corp 

CP Surge Protection for Industrial Plants 
J. R. Pope, Westinghouse Elec. Corp 

CP. The Conversion of Existing Industrial 
Power Systems from Ungrounded Neu- 
tral to Grounded Neutral. H. B. Greear, 
General Elec. Co. 


Transmission and Distribution 


Chairman: F. E 

Public Service Inc 

CP61-488 The Lightning Stroke—Il. (¢ F. 
Wagner, A. R. Hileman, Westinghouse 
Elec. Corp 

CP61-489. Mechanism of Breakdown of Lab- 
oratory Gaps. C. F. Wagner, A. R. Hile- 
man, Westinghouse Elec. Corp. 


Johnson, Jr., New Orleans 


A Progress Report on Incipient Fault 
Detection on Cables. H. J. Edwards, Jr., 
New Orleans Public Service Inc 
Lightning Protection of River Crossings. 
E. J illen, General Elec. Co.; H. L. 
Deloney, Louisiana Power & Light Co. 


Shipbuilding 


Chairman: E. E. 


Leonard, Jr., 
yards, Inc 


Avondale Ship- 
Some Aspects of Automation for Ships. 
s 1. Haverstick, Westinghouse Elec. 
Corp. 

Electrical Instrumentation of Marine 
Propulsion Plants. A. K. Smith, Ingalls 
Shipbuilding Corp. 

Concepts in the Versatility of Marine 
Electrical Systems. R. S. Berney, Ala- 
bama Drydocks and Shipbuilding Co. 


Commercial and Residential Applications 


Chairman: G. S. Schroeder, Schroeder & Asso- 
ciates 
The Electrical Supply Svstem for the 
New Electrical Engineering Building at 
Louisiana State University. L. V. Me- 
Lean, A. K. Ramsey, Louisiana State 
Univ. 
Correcting the Inadequacies of Residen- 
tial Service Entrance Facilities. C. 
Grund, Jr., Southern Services, Inc. 
Application Trends, Commercial and 
Residential. M. G. Zervigon, Zervigon 
Associates, Inc 
Electric Heating for Home and Office. 
E. E. Parks, Nashville Elec. Service. 


2:00 p.m. Sessions 
Instrumentation 


Chairman: J. A. Loupe, Jr., Kaiser Aluminum 


& Chemical Corp 

CP. lhe Gyro Integrating Moss Flowmeter. 
F. P. Singletary, General Elec. Co. 

CP. Measurement of Large Direct Currents 
in Electrolytic Processes by Methods of 
the A-C/D-C Metering System. C. H. 
Elliot, H. F. Morvant, Kaiser Aluminum 
& Chemical Corp. 

CP. Automatic Lease Monitor and Control 
Systems. O. E. Potthoff, General Elec. Co. 

CP61-490. Analvsis of Measuring Circuits for 
Radio Influence Voltages. P. B. Jacob, 
Jr., F. O. Simons, Jr., Mississippi State 
Univ. 


Substations and Switchgear 


Chairman: M. W. Stumpf, New Orleans Pub- 

lic Service Inc 
The Role of Grounding Cells in the 
Effective Cathodic Protection of Lead 
Sheathed Power Cables in Substation 
Exit Systems. §S. E. Trouard, M. J. 
Maier, New Orleans Public Service, Inc. 
Points for Consideration in Selecting 
Transmission Line and Substation BIL. 
R. L. Lindsey, H. H. Strozier, Georgia 
Power Co. 
Proposed New Breaker Ratings and their 
Effect on Applications. A. H. Knable, 
Allis-Chalmers Mfg. Co. 


Industrial Application I 


Chairman: H. O. Bourque, Ethyl Corp. 

CP. Automatic Controls for Gas Transmis- 
sion Systems, D. C. Washburn, West- 
inghouse Elec. Corp. 

Testing High-Voltage Cables with Di 
rect Current. J. C. Pittman, Fortier 
Plant American Cyanamid 

A New Look at Acyclic Generation. 
J. R. Burnett, L. M. Harvey, General 
Elec. Co. 

A Practical Low Voltage Multiple Sys- 
tem for Landing Field Lighting. R. M 
Garth, U.S, Navy 


Education 


Chairman: J. C. 


McKee, Jr., 
Univ. 


Mississippi State 
The Engineering Profession’s Stake in 
Technical Institute Education. A. R. 
Sims, Univ. of Houston 

The Undergraduate Curricular Revolu- 
tion. C. R. Vail, Duke Univ. 
Engineering Science, A Philosophy. Karl 
Brenkert, Jr., Auburn Univ. 

The Relation of the Engineering Ph. D. 
to the Future Development of the South. 
T. F. Jones, Jr., Purdue Univ. 
Engineering Training in the Communi- 
cations Industry. K. G. Walters, Western 
Elec. 


Friday, April 7 
9:00 a.m. Sessions 


Institute Activities 


Electricity in Medicine 


Chairman: C. J. Sperry, Jr., Tulane Univ. 


Electrical Instrumentation in Medicine. 
H. E. Hoff, L. A. Geddes, Baylor Univ. 


Recent Advances in the Square-Wave 
Electromagnetic Flowmeter. E. J. Den- 
nard, Western Elec. Co. 


The Electrical Nature of Brain Activity. 
L. M. N. Bach, Tulane Univ. 


A Single-Channel Miniaturized FM 
Transmitter for Remote Recording of 
Subcortical Potentials. C. J. Sperry, Jr., 
C. P. Gadsden, Tulane Univ. 


Power Generation 
Chairman: C. P. Almon, Jr., TVA 


The Energy Storage Type of Peaking 
Capacity. Arnold Rich, Federal Power 
Commission 


CP61-491. Station Service Design Considera- 
tions for 650-Mw units at TVA Paradise 
Steam Plant. B. M. Maxwell, L. R. 
Sellers, TVA 
Computer Control at Little Gypsy Gen- 
erating Station. W. T. Hess, Louisiana 
Power & Light Co. 


Southwestern Electric cage * Co. ’s Auto- 
matic Dispatching System. ]. Googe, 
Southwestern Elec. “anti oc gz. D. 
Crane, Westinghouse Elec. Corp. 


Power System Communications and Re- 
lays 
Chairman: W. J. Wortman, Duke Power Co. 
New Concepts in Molecular Electronics. 
S. J. Angello, Westinghouse Elec. Corp. 
New Digital Telemetering Equipment to 
Share Analog Channel. P. B. Robinson, 
General Elec. Co. 


A Review of New Orleans Public Service 
Inc. Back-up Relaying Practice. A. J. 
Bartlett, New Orleans Public Service Inc. 


A New Approach to Loss of Field Pro- 
tection and Stability of Generating Units. 
Jack Davey, Louisiana Power & Light 
Co. 


Comprehensive Information 
Is Available in Engineering Index 


The Engineering Index “pays substan- 
tial interest” because its readers collect 
on the combined experience of a trained 
staff of engineering linguists who review 
each issue of more than 1,800 engineering 
and technological publications, as_ they 
are issued each week or month. 

Last year they selected and annotated 
more than 34,000 articles covering 249 
“field of interest” divisions of engineering. 
Published in 44 countries in more than 
20 languages, they provide world-wide 
coverage of engineering specialties. 

Each annotation is supplied on a 3- by 
5-inch library card, quickly read and 
easily filed. There is sufficient information 
for the reader to decide whether the 
article is of interest, and if it is not avail- 
able in a local library he can _ order 
a photostat or microfilm copy of the 
entire article. The publication is kept on 
file indefinitely in the Engineering So- 
cieties Library in New York. 

The accumulated engineering literature 
of 1960 is now being compiled for dis- 
semination on a world-wide basis in The 
Engineering Index bound volume for 
1960. A request will bring you without 
charge the current catalog. Address: The 
Engineering Index, 29 W. 39th St., New 
York, 18, N. Y. 
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Connecticut Light & Power Co. 


THIS 68-foot long diagram board is the heart of the Connecticut Light and Power Company’s 
underground electric power dispatching center at Southington. The center was located under- 
ground to provide protection in the event of radioactive fallout. Using electronic computers, load 
dispatchers direct transmission line operation and switching from the room shown in the pic- 
ture. The dispatch center will be toured during the North Eastern District Meeting. 


North Eastern District Meeting 
Scheduled May 17-19 in Hartford, Conn. 


HARTFORD, CONN., surrounded by in- 
dustries of the space age, electronics, com- 
puters, rocketry, and jets, forms the back- 
ground for the AIEE North Eastern Dis- 
trict meeting which will be held May 
17-19, 1961, at the Hotel Statler. 

Advances which only electricity makes 
possible will be marked by papers on 
timely subjects. Highlighting far horizons 
of the future, the program will include 
subjects of current interest by speakers 
who are specialists in their fields. “Elec- 
tricity—Creator of Horizons Unlimited” 
will be the theme of the meeting. 


Technical Program Planned 

The requirements of miniaturization 
and instrumentation brought about by 
the efforts to conquer space will be pre- 
sented, along with subjects on computers, 
powercasting, and the solution of low- 
voltage network digital 
methods. 

Numerous papers on industrial control, 
ranging from Thyratron motor control 
through industrial digital regulators, nu- 
merical contouring controls, digital nu- 
merical machine tool controls, and step- 
ping motors will be heard. 

Communications will have a prominent 
spot on the program covering the latest 
in “touch tone” dialing, centralized an- 
swering services, selective calling, personal 
signaling service, data communications, 
microwave radio developments, and many 


problems by 


others. 

New power generation ideas will be 
presented on the program with discussions 
of peaking units, fuel cells, direct conver- 
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sion of energy, general energy conversion, 
pumped storage, and the economics of 
hydro design. 

Power system engineering, distribution, 
and transmission with their corresponding 
relaying subjects will also occupy a large 
part of the program. The much discussed 
EHV project will be a part of this sec- 
tion’s material. 

Industrial power will have speakers for 
various industries on continuous furnace 
annealing, case hardening, and high-fre- 
quency resistance heating. 

rhe intense interest in electric space 
heating will be reflected in several papers 
on latest developments in information on 
requirements, not only for the buildings 
to be heated, but also for the distribution 
system required to supply them. 

Inspection tours will be made to plants 
and locations related to the program sub- 
jects. 


Dinner Dance Highlighted 

The highlight of the social activities 
will be the dinner dance on Thursday, 
which more than 400 people are expected 
to attend. 

Student activities will take the form 
of a contest, with opportunity for presen- 
tation of the winning papers at the meet- 
ing. Student members will be guests of 
the district organization at a breakfast to 
be held on Friday. 

At the District vice-president’s lunch- 
eon, when the awards will be presented, 
student members will be the guests with 
their counselors of the Connecticut Sec- 
tion. 


Institute Activities 


The meeting committee is composed of 
the following: C. T. Hughes, chairman; 
C. L. Derrick, vice-chairman, and J. M. 
Schamberger, secretary. Committee chair- 
men include: A. E. Sapega, registration; 
J. D. C. Guy, Jr., entertainment; R. W. 
Boyd, inspection trips; Theodore New- 
comb, transportation; M. E. C. Devine, 
hotel arrangements; D. C. Switzer, techni- 
cal program; H. M. Marsden, student ac 
tivities; Mrs. L. B. Grew and Mrs. J. D. 
C. Guy, Jr., ladies’ activities; and E. A. 
Johnson, finance. 


Call to Authors Issued 
for Papers on Quality Control 


A call to authors has been issued for 
technical papers to be presented at the 
8th National Symposium on Reliability 
and Quality Control, scheduled January 
9-11, 1962, at the Statler Hilton Hotel, 
Washington, D. C. 

Sponsoring the conference are: AIEE, 
the Institute of Radio Engineers, and the 
American Society for Quality Control. 

The time table of the Program Com- 
mittee is as follows: 

May 15, 1961, is the deadline for the 
submission of the title of a paper and 
an abstract of not more than 800 words. 
The letters and spaces in the title for the 
program must not exceed 50. Brief bio- 
graphical sketches of the author or 
authors, suitable for publication in the 
Proceedings, should be submitted. For 
papers with more than one author, a 
single author should be indicated for 
the presentation. 

Ten copies of the abstract and biog- 
raphies should be sent to: E. F. Jahr, IBM 
Corporation, Department 351, Owego, 
N. Y. 

On June 30, 1961, authors will be noti- 
fied of the paper acceptance or rejection. 

The complete paper must be submitted 
to the Program Committee on October 6, 
1961, for publication in the Symposium 
Proceedings. 

All papers must be new and not pre- 
presented prior to the symposium at a 
national society meeting. Papers presented 
at local meetings are acceptable. 


Availability of Zener Diodes 
To Be Studied by Subcommittee 


The availability of zener diodes of sur- 
prisingly stable breakdown voltage charac- 
teristics prompts the question—“What are 
the design parameters of the ideal diode 
device that can serve as a voltage stand- 
ard?” 

Under the chairmanship of F. R. Kotter 
of the National Bureau of Standards, a 
subcommittee of the Recording and Con- 
trolling Instrumentation Committee has 
been formed to study zener diodes and 
other current and voltage reference de 
vices as they are required in recording and 
controlling instrumentation. 

Inquiries in regard to this project 
should be directed to: F. R. Kotter, Na- 
tional Bureau of Standards, Washington 
25, D. C. 
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Great Lakes District Meeting Planned 


Anthony Lane 


ARRANGEMENTS for the AIEE Great Lakes District Meeting to be held April 19-21 in Minneapo- 
lis, Minn., are being made by the Minnesota Section. Members of the committee in charge of 
arrangements are: (front row, left to right) D. C. Peterson, S. N. Witts, E. A. Willson (chairman), 
Jim Fortchner (vice-chairman), and C. A. Fagrelius, and (back row, left to right) J. E. Holte, 
G. W. Alexander, L. A. Helling, C. F. Healey, H. N. Sommer, R. G. Wiprud, and L. W. Christen- 
sen. The program chairman is Mr. Witts. Speakers will include AIEE President Clarence Linder 
and Dr. John Kelley of the Westinghouse research department. Mr. Alexander has listed a 


group of inspection trips in the Twin City areas. 





Conference on Electric Heating 


To Be Held April 1-12 in Indianapolis 


IHE 5th Biennial AIEE Conference on 
Electric Heating will be held April 11-12 
at the Sheraton-Lincoln Hotel in Indian 
apolis, Ind 

Sponsored by the Electric Heating Com 
mittee, with the AIEE Central Indiana 
Section as host, this will be a conference 
for users, practical rather than theoretical, 
and will cover process heating equipment 
and applications for industry. A bound 
volume of the papers presented will be 
distributed and is included in the regis 
tration fee 

Fifteen informative papers presented by 
authorities in their fields and aimed at 
the man in the shop as well as the engi- 
neer will be presented, with question and 
answer periods for each. 

Everyone with an interest in industrial 
heating is invited to attend—AIEE mem- 
bership is not required. Programs and 
registration cards may be obtained from 
WwW Ir. Duhm, Indianapolis Power and 
Light Company, P. O. Box 1595, Indian- 
apolis 6, Ind 

\ tentative technical program of the 


conference follows: 
Tuesday, April 11 
8:00 a.m. Registration 
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9:30 a.m. Welcome 


Presiding: C. A. Tudbury, chairman, AIEE 
Electric Heating Committee 


Welcome: F, S. English, Cory, Crum & English, 
chairman, Central Indiana Section AIEE 


Electric Heat’s Future in Industry. Frank Flick, 
Flick Reedy Corp. 


9:50 a.m. First Session 
Chairman: K. J]. Sorace, Lamson & Sessions Co. 


Selection and Control of Equipment for Heat- 
ing Air and Other Gases for Process Work and 
Environmental Testing. M. Epstein, Industrial 
Engineering & Equipment Co. 


Bright Annealing of Stainless Steel. L. W. 
Johnson, General Elec. Co. 


Controls Incorporated—Always. A. B. Conant, 
Couchman-Conant, Inc. 


12:00 Noon Luncheon 


1:30 p.m. Second Session 


Chairman: W. T. Thomas, Project Matterhorn, 
James Forrestal Research Center, Princeton 
Univ 


Application of Radio Frequency Generators to 
Induction Heating. R. A. Sommer, G. A. Kap- 
penhagen, Ohio Crankshaft Co 


Induction Melting Equipment and Applica- 
tions. R Segsworth, Ajax-Magnethermic 
Corp. 


Construction, Operation, and Maintenance of 
Modern High-Frequency Alternators. P. S. 
rsivitse, Reliance Elec. and Engineering Co.; 
R. J. Kasper, Ohio Crankshaft Co. 


Institute Activities 


Induction Heating Controlled by Average Bil- 
let Temperature. Vernon Pieron, Ajax-Mag- 
nethermic Corp. 


7:00 p.m. Banquet 
8:00 p.m. Evening Session 


Presiding: C. A. Tudbury, chairman, AIEE 
Electric Heating Committee 


Wednesday, April 12 


9:30 a.m. Third Session 

Chairman: J. R. Wark, Indianapolis Power 
and Light Co. 

The Challenge of Electric Heat. W. T. Rich- 
ards, Indianapolis Power and Light Co. 


Electric Floor Panel Heating. L. E. White- 


head, Commonwealth Edison Co, 


High-Temperature Radiant Sources. J. P. 


Frier, General Elec. Co. 


Radiant Heating for Coal Car Thawing. D. A. 
Aitken, Aitken Products, Inc. 


1:30 p.m. Fourth Session 

Chairman: J. E. Friess, General Elec. Co. 
Fluidized Bed Heating. B. A. Ruediger, Gen- 
eral Elec. Co. 


Changes in the FCC Regulations for Radio 
Frequency Induction and Dielectric Heating 
Equipment. W. H. Hickok, Chematron Corp. 


Electric Heating in Research. 4A. F. Leather- 
man, Battelle Memorial Institute 


Low Distortion Hardening of Automotive 
Axles by Induction Heating. J. W. Peach, 
Westinghouse Elec. Corp. 


Banquet and Luncheons 

There will be a banquet Tuesday, April 
11, at 7:00 p.m. Tickets are $5 each, which 
includes gratuities. Payment for this 
should be included with the registration 
fee. 

There will be luncheon accommodations 
available in the Lincoln and Travertine 
Rooms. Tickets for luncheon will be 
available at the conference at $2.50 each, 
which includes gratuities. 


Operating Committees 


Conducting the conference are the following 
committees and their chairmen: 

Conference Steering: Chairman—K. J. Sorace, 
Lamson and Sessions Co. 
Program: Chairman—W. T. Thomas, James 
Forrestal Research Center 
Publicity: Chairman—J. E. Friess, General 
Elec. Co. 

Treasurer: C. S, Strickland, Indianapolis Power 
& Light Co. 

Registration: Lee Sickle, Indianapolis Power 
& Light Co. 

Local Arrangements: J. R. Wark, Indianapolis 
Power & Light Co. 

AIEE Headquarters Representative: R. S&S. 
Gardner, 33 W. 39 St., New York 18, N. Y. 


Telemetering Conference 
To Discuss Science and Education 


The National Telemetering Conference 
will be held May 22-24 at the Sheraton 
Towers Hotel, Chicago, Il. 

“Science and Education in Telemetry” 
will be the conference theme. 

The conference is sponsored jointly by 
five technical societies: AIEE, the Ameri- 
can Rocket Society, the Institute of Radio 
Engineers, the Institute of the Aerospace 
Sciences, and the Instrument Society of 
America. 
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AN aerial view is 
shown of the Cornell 
EHV Cable Testing Sta- 
tion at Ithaca, N. Y., 
which will be inspect- 
ed during the AIEE 
EHV Cable Conference 
on April 13 at Cornell 
University. 


EHV Cable Conference To Be Held 
April 11-13 at Elmira and Cornell University 


THE AIEE Extra-High-Voltage (EHV) 
Cable Conference, to be held April 11-13, 
will feature sessions on the European prac- 
tice of the testing of cables, the Associa- 
tion of Edison Illuminating Companies 
(AEIC)—Edison Electric Institute (EEI)- 
Manufacturers EHV Research Project, and 
an inspection trip to the Cornell Test Site. 
The conference will take place at the 
Mark Twain Hotel in Elmira, N. Y., on 
April 11-12 and at Cornell University in 
Ithaca, N. Y., on April 13. 

Preceding the conference, the Insulated 
Power Cable Engineers Association 
(IPCEA) will act as host at dinner on 
Monday evening, April 10, to the Euro- 
pean visitors and their wives who will 
attend the 3-day meeting. G. J. Crowdes, 
president of IPCEA, is in charge of ar- 
rangements for the dinner. 

The tentative technical program for the 
conference follows: 


Tuesday, April 11 


Morning Session—European Practice of 
Testing of Cables 

Central Testing Laboratories of KEMA, Arn- 
hem, The Netherlands. J. C. Van Staveren 


Staythorpe Testing Station of the Central 
Electricity Generating Board of Great Britain. 
Cc. C. Barnes, CEGB 


Fontenay Testing Station of Electricite de 
France. R. Tellier, Electricite de France 


Discussion period 


AEIC-EEI-Manufacturers EHV Cable Re- 
search Project 


Afternoon Session 


Introduction: C. T. Hatcher, Consolidated 
Edison Co. of New York 
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1. Testing Station—Underground System. L. J. 
Komives, Detroit Edison Co, 

2. Testing Station—Equipment and Design. 
C. §. Schifreen, A. D. Bertolett, Phila. Elec. Co. 
8. Testing Technique. J. L. Rosson, Cornell 
Univ. 


Discussion period 


Wednesday, April 12 

Morning Session 

4. Pothead A—Low-Pressure, Oil Filled, Non- 
Graded. E. D. Eich, L. C. Ebel, E. O. Juhlin, 
Anaconda Wire & Cable Co. 

5. Pothead B—High-Pressure, Oil-filled, Ca- 
pacitor-Graded. J. F. Brandt, Ohio Brass Co. 
6. Pothead C—High-Pressure, Oil-filled, Ca- 
pacitor-Graded. G. E. Lusk, J. H. Nicholas, 
R. T. Papp, G & W Specialty Co, 

Discussion period 

Afternoon Session 

7. Cable No. 1—High-Pressure, Oil-filled Pipe 
Type. R. C. Waldron, R. B. Blodgett, Oko- 
nite Co. 

8. Cable No. 2—High-Pressure, Oil-filled, Pipe 
Type. L. Meyerhoff, M. H. McGrath, J. Bower, 
General Cable Corp. 

9. Cable No. 3—High-Pressure, Oil-filled, Self- 
Contained Type. E. J. Merrell, A. L. McKean, 
Phelps Dodge Copper Products Corp. 

10. Cable No. 4—Low-Pressure, Oil-filled Self- 
Contained Type. E. D. Eich, L. C. Ebel, 8S. 
Ege, Anaconda Wire & Cable Co. 


Discussion period 


Thursday, April 13 
Morning Session 


Inspection trip to Cornell EHV Cable Testing 
Station. J. L. Rosson, Cornell Univ. 


Afternoon Session 


General discussion period 


Institute Activities 


Technical Papers Sought 
for Presentation at Symposium 


A call for papers has been issued by 
the AIEE Computing Devices Committee 
for presentation at the 2nd Annual Sym- 
posium on Switching Circuit Theory and 
Logical Design which will take place dur- 
ing the 1961 Fall General Meeting in De- 
troit, Mich., on October 15-20. The sym- 
posium is being sponsored by the Subcom- 
mittee on Logic and Switching Circuit 
Theory. 

Prospective authors are invited to sub- 
mit papers on significant work in switch- 
ing circuit theory and logical design of 
digital systems. Papers are desired having 
theoretical or practical interest and de- 
scribing new work in all areas of switch- 
ing theory and logical design that include, 
for example: 


. Threshold logic. 

2. Neural nets. 

3. Multivalued logics. 

4. Design algorithms. 

5. Practical logical design aids. 

6. Design of reliable automata. 

7. Application of graph theory to 
switching circuits. 

8. Logical design for intelligent ma- 
chines. 

9. Application of Boolean matrices to 
switching circuits, etc. 


An innovation of the 1961 symposium 
will be the availability of its published 
proceedings in advance of the meeting. In 
order that abstracts and papers of the 
prospective authors are available early 
enough for selection, preparation of the 
program, and printing, strict adherence to 
the following schedule is essential. 


April 10: Deadline for receipt, in 
quadruplicate, of a 100- to 200-word 
abstract and a 500-word summary of 
the paper. To assure full considera- 
tion, submit as early as possible. 

May |: Notification of paper selection 
and request for complete papers. 

July 17: Deadline for receipt of full- 
length symposium papers according to 
AIEE rules. 


All correspondence related to the 1961 
symposium should be addressed to the 
symposium chairman: D. R. S. Ledley, 
National Biomedical Research Foundation, 
8600 16th St., Silver Spring, Md. 


Protective Devices Committee 
To Hold Open Forum on April 5 


The Protective Devices Committee of 
the AIEE Power Division will hold an 
open forum on “Switching Surge Duty on 
Lightning Arresters” on April 5 at the 
Netherland-Hilton Hotel in Cincinnati, 
Ohio. 

All interested persons are welcome to 
attend the forum and the committee meet- 
ing the following day, April 6. G. D. 
Breuer, secretary for the Protective De- 
vices Committee, General Electric Com- 
pany, Schenectady, N. Y., may be contacted 
for details of the pregram. 
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American Power Conference Schedules 


Annual Meeting for March 21-23 in Chicago 


SESSIONS devoted to the creation of 
energy through nuclear fission will be 
featured at the 23rd annual meeting of 
the American Power Conference (APC), 
which will be held March 21-23 at the 
Sherman Hotel in Chicago, Ill. 

More than 100 technical papers will be 
presented during 31 sessions. 

Ihe conference will include discussions 
concerning the supercritical electric power 
stations, the Breed Station of the Ameri 
can Electric Power Company, and the 
Avon Station of the Cleveland Electric 
Ilumination Company These stations 
employ steam of very high pressure and 
temperature in order to secure maximum 
efficiency. Other sessions will be devoted 
to the future of nuclear energy and the 
most promising methods of generating 
power from nuclear fission 

About 3,000 industrial and electric util- 
ity executives, engineers, educators, and 
government officials are expected to at- 
tend the conference. 

R. A. Budenholzer is directing the con 
ference for the Illinois Institute of Tech- 
nology, and E. R. Whitehead is the sec- 
retary 
AIEE; 


American Institute of Chemical Engineers; 
American Institute of Mining, Metallurgi 


Co-operating societies include 


cal, and Petroleum Engineers; American 


Society of Civil Engineers; American So 
Refrigerating, and Air 
ASHRAE); 
Mechanical Engi 
National Association of 

NAPE); Western So 
ciety of Engineers (WSE), and Engineers’ 
Society of Milwaukee 


( o-operating 


ciety of Heating 
Conditioning 

American Society of 
neers (ASME): 
Powe! 


Engineers 


Engineers 


universities are Iowa 
Northwestern, Pur 
due, State University of Iowa, and the 
Universities of Illinois, Michigan, Minne 
sota, and Wisconsin 


State, Michigan State 


Regional associated universities are the 
Agricultural and Mechanical 
Texas, California Institute of 
Institute of Tech 
nology, Massachusetts Institute of Tech 
nology, and New York University. 

Che tentative program for the 1961 
meeting follows 


following: 
College of 


Technology, Georgia 


Tuesday, March 2 
8:30 a.m. Registration 


9:30 a.m. Opening Meeting 

invocation 

W. F. Crawford, president, Edward Valves Inc., 
and president, Republic Flow Meters Co., sub- 
sidiaries of Rockwell Manufacturing Co., Chi- 


cago, Ill., will speak on ‘‘Our Changing Per- 
spectives 


11:30 a.m. Sponsored Student Tour 
(Limited to Sponsored Students and Professors) 


A tour of the Dresden Nuclear Power Station 
of Commonwealth Edison Company has been 
arranged for the group of students and profes- 
sors sponsored by the utility industry. Buses 
will leave from the Sherman Hotel immediately 
following the Opening Meeting. 
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Program at Dresden Station 
a. Welcoming Remarks. Harlan Hoyt, super- 
intendent of Dresden Station. 
Operation of the Dresden Nuclear Power 
Station. B. B. Stephenson, engineer, Dres- 
den Station. 


c. Tour of Station. 


12:15 p.m. Joint APC-ASME Luncheon 


Sponsored by ASME 

Chairman: W. H. Byrne, president, ASME 
Co-Chairman: E. J. Carraro, chairman, Chi- 
cago Section ASME 

Speaker: Sherman Knapp, president, Edison 
Electric Institute 


2:00 p.m. Central Stations I—Avon No. 8 
-A Supercritical Plant 

Sponsored by the Power Division of ASME 

Chairman: J. H. Harlow, chief mechanical en- 

gineer, Phila. Elec. Co. 

Co-Chairman: H. L. Solberg, associate dean of 

engineering, Purdue Univ 

Initial Operation of Avon No. 8—A_ Super- 

critical Plant N. F. Gill, Cleveland Elec. 

Illum. Co 

Supercritical Boiler Operating Experiences at 
Avon No. 8. J. 1. Argersinger, G. C. Smith, 

Combustion Engineering, Inc. 

Avon Superpressure Steam Turbine—Generator 

Unit. C. C. Franck, Sr., J. A. Carlson, Steam 

Division, Lester, Pa. 


2:00 p.m. High-Voltage Transmission 


Sponsored by the Power Division of AIEE 
Chairman: W. A. Lewis, AIEE director, re- 
search professor of electrical engineering, IIli- 
nois Institute of Technology 

Co-Chairman: G. S. Reeder, chairman, Power 
Section, Chicago Section, AIEE, Common- 
wealth Edison Co 

Switching Surges Due to Energization or Re- 
closing. J. B. Johnson, D. D. Wilson, R. F. 
Silva, General Elec. Co. 

Investigations on Wood Pole $45-kv Test Line. 
Tr W. Schroeder, Wlinois Power Co.; J. E. 
O'Neil, Westinghouse Elec. Corp 

4 Theory Regarding the Generation of Radio 
Noise of High-Voltage Transmission Lines. 
S. B. Griscom, Westinghouse Elec, Corp. 
Radio Interference Design Factors for EHV 
Lines. R. J. Mather, E. H. Gehrig, Bonneville 
Power Admin. 


2:00 p.m. Industrial I—Space Air Condi- 
tioning 


Sponsored by ASHRAE 

Chairman: G. F. Carlson, Bell & Gossett Co. 
Co-Chairman: W, V. Richards, president, IIli- 
nois Chapter, ASHRAE, H. A. Phillips & Co. 
Off Peak Electricity Using Stored Water for 
Space Heating. S. B. Tupper, Bell & Gossett 
Co.; R. J. Vertovec, Commonwealth Edison Co, 
A New Approach to Heat Pumps. G. M. War- 
ren, Carrier Air Conditioning Co. 
Thermoelectric Heating and Cooling Devices. 
J. D. Richards, Minnesota Mining & Mfg. Co. 
High-Temperature High-Pressure Hot Water 
Heating. D. L. Lindsay, Wiggs, Walford, Frost 
& Lindsay. 


2:00 p.m. Industrial Il—Electrical 
Sponsored by Industrial Group, Chicago Sec- 
tion, AIEE. 


Chairman: W. H. Cook, chairman, Industrial 
Group, Chicago Section, AIEE, Western Elec. 
Co. 

Co-Chairman: J. N. 
Mfg. Co. 

Application and Operation of an 11,000-hp 


Banky, Allis-Chalmers 
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Motor in a Petroleum Refinery. K. R. Sheetz, 
American Oil Co. 


Factors to Consider in the Selection of Diesel 
Electric Generators for Emergency Power. 
E. A. Gibbons, Allis-Chalmers Mfg. Co. 


Time for More Talk and Less Action. W. J. 
Neiswander, Western Elec. Co., Inc. 


2:00 p.m. Water Technology 
Purity Water 


I—High 


Chairman: M. D. Baker, West Penn Power Cc 
Co-Chairman: G. A. Hellman, Michigan Col- 
lege of Mining & Technology 

Effective De-aeration in Surface Condensers— 
Recent Experiences. P. J. Hamm, C. H. 
Wheeler Mfg. Co. 

A New Method for Increasing Sensitivity of 
Conductivity Measurement of Steam Purity. 
R. W. Lane, C. H. Neff, T. F. Larson, Ulinois 
State Water Survey 

Application Considerations—Demineralization 
and Flash Evaporation. M. E. Gilwood, lonac 
Chemical Co.; J. Mack, Permutit Co. 


8:00 p.m. Evening Forum—Future Sources 
of Electric Power 

Chairman: L. Reiffel, Armour Research Foun- 
dation 

Co-Chairman: D. C. White, MIT 


Nuclear Fuel Cells Research. R. W. Hender- 
son, Allison Division of General Motors Corp. 


Status of Research in Thermonuclear Power. 
Sterling Colgate, Lawrence Radiation Lab. 

Frontiers of Thermonuclear 
Little, Jr., C-Stellerator Asso- 


Engineering 
Power. C. W. 
ciates 


Wednesday, March 22 


9:00 a.m. Central Stations Il, Commercial 
Operation of the Breed Plant 


The Dual Basic Concepts Behind the 
Breed Plant 

As a generating station in the western-most 
part of the American Electric Power System. 
As a new technological frontier in the field of 
economical mass generation of steam-electric 
energy 

Chairman: Philip Sporn, president, American 
Electric Power Service Corp. (AEPSC) 
Co-Chairman: E. H. 
Electric & Gas Co. 
The Project. Philip Sporn, AEPSC 

The Plant. T. T. Frankenberg, AEPSC 

Steam Generation. G. W. Bice, AEPSC 
Turbine. C. P. Lugrin, AEPSC 

Chemistry. E. B. Morris, AEPSC 

Generator and Electrical Features. C. P. Zim- 
merman, AEPSC 


Snyder, Public Service 


9:00 a.m. Automation and Control 


Chairman: J. H. Kinghorn, technical vice- 
president, Power Division, AIEE, and Ameri- 
can Elec. Power Service Corp. 

Co-Chairman: M. Riaz, professor of electrical 
engineering, Univ. of Minnesota 

Automation of System Operation. L. K. Kirch- 
mayer, H. J. Fiedler, General Elec. Co. 
Automatic Power Plants-Application of Con- 
trol Computers. B. L. Lloyd, R. B. Squtres, 
Westinghouse Elec. Corp. 

The Installation of Automatic Controls in an 
Existing Power Plant for Minimum Down 
Time. T. H. Bloodworth, Allis-Chalmers Man- 
ufacturing Co.; J. A. Reich, Gulf States Utili- 
ties Co.; L. M. Wilson, Consolidated Systems 
Corp. 

Monitoring, Logging, and Computing Perform- 
ance for an Existing Coal and Oil Fired Sta- 
tion. M. J. Feldmann, J. W. Purssell, Jr., 
Boston Edison Co. 


9:00 a.m. Fuels 
Sponsored by Fuels Division of ASME 
Chairman: J. R. Jones, Peabody Coal Co. 
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Co-Chairman: Julian Meserve, Dow Chemical 
Co. 

Coal Properties as Related to the Corrosion of 
High-Temperature Boiler Surfaces. J. T. Reese, 
James Jonakin, Combustion Engineering, Inc.; 
J. G. Koopman, Electric Energy, Inc. 
Liberation of Pyrite from Steam Coals. R. A. 
Glenn, R. D. Harris, Bituminous Coal Re- 
search, Inc. 

Effect of Pulverizer Design on Furnace Per- 
formance. H. M. Rayner, Western Elec. Co.; 
P. F. Seibold, Riley Stoker Corp. 


9:00 a.m. Symposium on Peaking I—Hy- 
droelectric 


Chairman: A, J. Ackermann, consulting engi- 
neer, Madison, Wis. 

Co-Chairman: J. R. Villemonte, professor of 
civil engineering, University of Wisconsin 
Session will be devoted to peaking problems 
which are found on power systems with a sub- 
stantial amount of hydroelectric generating 
capacity, resulting in redesign of hydroelectric 
stations, or in the building of new stations 
with extremely low capacity factors and high 
installed capacity to permit carrying short 
term peaks. One of the papers will discuss the 
generation of peaking energy from a pumped 
storage plant specifically constructed for that 
purpose. Since no two systems are alike, dis- 
cussions will be welcomed at the session to 
record briefly various current experiences in 
meeting exceptional peaks. 


9:00 a.m. Water 
trial Ill 


Technology I—Indus- 


Chairman: J. F. Wilkes, director of research 
and development, Dearborn Chemical Co. 
Co-Chairman: A. B. Alter, professor of me- 
chanical engineering, Agricultural & Mechan- 
ical College of Texas 

Some Practical Solutions to Industrial Water 
Treatment Problems. R. S. Walters, supervisor, 
U. S. Steel Corp. 

Boiler Scale Prevention by Use of Chelating 
Agents. J. C. Edwards, E. A. Rozas, Dow 
Chemical Co. 

Effective Temperature Measurement of Boiler 
Wall Tubes to Provide Safe Operating Control. 
J. W. Strub, E. It. DuPont de Nemours & Co. 
Prevention of Corrosion in Steam Systems 
under Changing Load Conditions. Marcel Stein, 
Illinois Institute of Technology 


12:15 p.m. APC-ATEE Luncheon 


Sponsored by AIEE 

Chairman: C. H. Linder, president, AIEE 
Co-Chairman: W. T. Larner, chairman, Chi- 
cago Section AIEE, Illinois Bell Telephone Co. 
Speaker: G. E. Drach, Illinois State Senator 
Subject: Federal vs. State Regulation in the 
Development of Atomic Power 


2:00 p.m. Nuclear Power Plants 


Chairman. R. M. Casper, general manager, Nu- 
clear Power Division, Allis-Chalmers Mfg. Co, 
Co-Chairman: C. W. Terrell, supervisor, Reac- 
tor Physics Section, Physics Research Division, 
Armour Research Foundation 

The Technical and Economic Status of Central 
Station Gas Cooled Reactors. T. G. LeClair, 
General Atomic 

The Technical and Economic Status of Central 
Station Boiling Water Reactors. R. B. Rich- 
ards, General Elec. Co. 

The Technical and Economic Status of Central 
Station Pressurized Water Reactors. J. ? 
Simpson, Atomic Power Dept. 


2:00 p.m. Symposium on Peaking—Ther- 
mal 

Chairman: R. H. Bradford, regional manager, 
Central Region, Ebasco Services, Inc 
Co-Chairman: R. C. Porter, professor of elec- 
trical engineering, Univ. of Michigan 

Some Fundamental Factors Affecting Peaking. 


J. H. Fuston, Business Research Corp.; W. A. 
Lewis, Illinois Institute of Technology 
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Electromotive Power for Peaking Area Backup 
and Reserve. B. B. Brownell, General Motors 
Corp. 

Gas Turbines for Peaking. W. D. Marsh, Gen- 
eral Elec. Co. ; 


2:00 p.m. System Planning and Operation 


Sponsored by the Power Division of AIEE 
Chairman: E. R. Moore, manager of engineer- 
ing, Detroit Edison Co. 

Co-Chairman: J. Carey, professor of elec- 
trical engineering, Univ. of Michigan. 
Automation of System Planning. F. J. Magin- 
niss, C. D. Galloway, A. J. Wood, General 
Elec. Co. 

Results of a Year of Long Range Planning 
by Simulation. C. J. Baldwin, Westinghouse 
Electric Corp.; J. A. Casazza, Public Service 
Electric & Gas Co. 

Co-ordinated Use of Hydro and Steam Genera- 
tion in a Large Interconnected System. R. N. 
Brudenell, J. H. Gilbreath, TVA 

Daily Forecasting of Electric System Loads. 
S. 8. Claire, W. 8S. Einwechter, Phila. Elec. Co. 
2:00 p.m. Industrial IV—Central Station 
I1I—Steam Generators 


Chairman: C, R,. Earle, Special Projects editor, 
Power Engineering 

Co-Chairman: D. Renwick, associate pro- 
fessor of mechanical engineering, Michigan 
State Univ. 

Preventing Furnace Explosions—The Applica- 
tion of Flame Detectors and their Function in 
a Complete Furnace Protecting System. W. L. 
Livingston, P. Gray, Jr., Combustion Engi- 
neering, Inc. 

Flue Gas Sampling and Analysis for O, in 
Cyclone Furnace Fired Boilers. F. C. Luxl, 
Leeds and Northrup Co.; J. J. Osochowsky, 
United Illum. Co. 


2:00 p.m. Water 
densate Polishing 


Technology Ii—Con- 


Chairman: L. F. Wirth, Jr., manager, Ion 
Exchange Division, Nalco Chemical Co. 
Co-Chairman: T, Hodan, sales manager, 
Water Conditioning Section, Allis-Chalmers 
Mfg. Co. 

Plant Experience, High Flow Rate, Externally 
Regenerated Condensate Polishing Demineral- 
izers, Dresden Nuclear Generating Station. 
A. B. Sisson, Commonwealth Edison Co.; R. C. 
Reed, General Elec. Co.; H. W. Frazer, Infilco, 
Inc 

Condensate Scavenging—Operating Results in 
Three Central Station Plants. V. J. Calise, 
J. A. Levendusky, Graver Water Conditioning 
Co 


6:30 p.m. All Engineers Dinner 
Presiding: C. J. Forsberg, president, Wisconsin 
Power and Light Co 


Entertainment: Spartan Bell Ringers of Michi- 
gan State University 


Speaker: To be announced. 


Thursday, March 23 


9:00 a.m. Central Stations IV 


Sponsored by the Power Division of ASCE 
Chairman: M. P. Aillery, chairman, Power 
Division, Executive Committee, ASCE, and 
chief structural engineer, J. C. White Engi- 
neering Co. 

Co-Chairman: R. N. Bergstrom, associate, Sar- 
gent & Lundy 

TVA’'s Paradise Steam Plant with 650,000-kw 
Units. R. A. Elliott, W. F. Emmons, H. T. 
Lofft, TVA 

Application of a Governor Test Facility to 
Analysis and Design of Steam Turbine Gen- 
erator Control Systems. J. K. Dixon, Allis- 
Chalmers Mfg. Co 

Comparison of Contractual Arrangements for 
Utility and Industrial Projects. W. E. Hopkins, 
Stone and Webster Engineering Corp. 
Cooling Pond or Cooling Tower—An Over-all 
Appraisal. W. R. Steur, Sargent & Lundy 


Institute Activities 


9:00 a.m. Power Plant Auxiliaries 


Sponsored by the Power Division of ASME 
Chairman: C. D. Birget, Commonwealth Asso- 
ciates, Inc. 

Co-Chairman: K. G. Picha, associate director, 
School of Mechanical Engineering, Georgia 
Institute of Technology 

Philadelphia Electric Company Multi-Stage 
Flash Evaporator. C. Capara, W. B. Willsey, 
Phila. Elec. Co.; D. Crane, E. F. Stalcup, 
Westinghouse Steam Division 

Corrosion and Vibration in Small Steam Tur- 
bines. Stanford Neal, W. J. Caruso, General 
Elec. Co. 

Second Progress Report on High Speed Boiler 
Feed Pumps. /. J. Karassik, E. F. Wright, 
Worthington Corp. 

Development and Operation of Fluid Drives 
for Turbine-Generator Driven Boiler Feed 
Pumps. R. D. O'Neil, American Standard Co. 


9:00 a.m. Industrial V—Training of Plant 
Personnel 


Sponsored by NAPE 

Chairman: Floyd Cooper, president, NAPE 
Co-Chairman: P. M. Anderson, department of 
mechanical engineering, Iowa State Univ. 

On the Job Training for Power Plant Person- 
nel by the Minnesota State Department of 
Education. F. W. Randell, Minnesota State 
Department of Education 

An Adult Education Program for Power Plant 
Personnel. H. R. Blount, W. W. Cartwright, 
NAPE 

The Neglected Area, Training the Handi- 
capped for Service in Industrial Plants. P. 
Choncholos, William Kir-Stimon, Rehabilita- 
tion Institute of Chicago 

Our Experiences in Instrument Maintenance 
Training Programs. R. C. Crambau, Dow 
Chemical Co. 


9:00 a.m. Electrical Distribution 


Chairman: C. L. Welch, Midwestern Region 
engineering manager, Westinghouse Elec. Corp. 
Co-Chairman: R. E. Armington, professor of 
electrical engineering, Pennsylvania State Univ. 
New Developments in Residential Under- 
ground Distribution. R. F. Lawrence, R. B. 
Pherson, Westinghouse Elec. Corp. 

Overhead Electric Distribution Line Construc- 
tion Equipment and Practices. K. S. Field, 
Ebasco Services, Inc. 

The Self-Regulating Transformer and Its Im- 
pact upon Future Distribution Planning. D 
4. Manning, Line Material Industries and 
McGraw-Edison Division 

Planning for Transition from 4-Kv to 13.2-Kv 
Distribution. Raymond Duer, Cincinnati Gas 
and Elec. Co. 


9:00 a.m. Water Technology I[V—Ion Ex- 
change—Operations 


Chairman: S. F. Whirl, chemical operating en- 
gineer, Duquesne Light Co 

Co-Chairman: W. R. Homan, chief chemist, 
Commonwealth Edison Co 

Mixed Bed Demineralizers in Series for Opti- 
mum Operating Control. Eugene Schmidt, L-A 
Water Conditioning, Inc.; N. W. Sager, City 
of Burbank, Calif 

Four Years Operating Experience with a 3,200 
GPM Demineralizer. R. 1. Smith, H. D. Ret- 
tin, Public Service Elec. and Gas Co 


10:30 a.m. Water Technology V—Sea Wa- 
ter Conversion 


Chairman: R. A. Lorenzini, vice-chairman, 
Boiler Feedwater Studies Research Committee, 
ASME and chief engineer, Foster Wheeler 
Corp 

Co-Chairman: A. H. Easton, professor of civil 
and mechanical engineering, Univ. of Wis- 
consin 

Operation of the Sea Water Distillation Plant 
at Mandalay Station, R. F. Wistler, Southern 
California Edison Co 

The Economics of Sea Water Distillation and 
Power Generation. C. F. Sonderman, Sing- 
master and Bryer 
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12:15 p.m. Joint APC-WSE Luncheon 


Sponsored by WSE 

Chairman: R. D. Maxson, president, WSE 
Co-Chairman: J ( Boyce, vice-president and 
dean of the Graduate School, Illinois Institute 
of Technology 

Speaker r. G. LeClair, manager, Nuclear 
Power Applications, General Atomic 


Subject: The Future of Atomic Energy 


2:00 p.m. Central Stations V 


Chairman: B. G. Elliott, professor emeritus of 
mechanical engineering, Univ. of Wisconsin 
Co-Chairman: R. C. King, associate professor 
of mechanical engineering, New York Univ. 
Improvement in Economics of a 625-Mw Com- 
bined Cycle Plant Over a Conventional Steam 
Cycle Plant. H. J. Peterson, United Engineers 
and Constructors, Inc J. O. Stephens, West- 
inghouse Elec, Corp 

Binary Cycle for Power Gencration—Steam— 
Peyton-12 System. David Aronson, Worthing- 
ton Corp 

Automatic Programming for Optimized Power 
Plant Design. F. H. Westervelt, University of 
Michigan; C. D. Birget, Commonwealth Asso- 
ciates, Inc.; F. C, Fisher, Consumers Power Co. 


2:00 p.m. Electrical Apparatus 


Chairman: F. M. Scott, manager, Utility Sales, 
Allis-Chalmers Mfg. Co 
Co-Chairman: M. S. Helm, professor of elec- 
trical engineering, Univ. of Illinois 
New Standards for Power Circuit Breakers and 
their Effect on Design, Test, and Application. 
R. C. Van Sickle, Westinghouse Elec. Corp. 
Harmonic Excitation of Synchronous Machines. 
I. Biggs, P. I. Nippes, Carrier Corp 
Whys and Hows of Auto-Transformers. L. R. 
Reid, Allis-Chalmers Mfg. Co. 
Thermal Upgrading of Power Transformers. 
J. H. Carpenter, J. R. Meador, General Elec. 
Co 


2:00 p.m. Industrial VI—Economics of 


Power Plant Operation 


Chairman: K. R. Hodges, chief engineer, Sears 
Roebuck and Co 


Co-Chairman: Roy Sahlstrom, Faville LeVally 


( orp 

How Small Plants Can Conserve Utilities and 
Reduce Cost. G. R. Chadwick, consulting en- 
gineer 

Controlling the Cost of Electricity for Indus- 
trial Plants. R. H. Bradford, Ebasco Services, 
Inc. 

Departmental Allocation of Plant 
Rates. M. B. Golber, Armour & Co. 


Utility 


2:00 p.m. Computers and Network Ana- 
lyzers 


Chairman: E. L. Nicolson, manager, applica- 
tion engineering, General Elec, Co 
Co-Chairman: E. B, Eggers, research engineer, 
Illinois Institute of Technology 

Digital Load Flow Techniques. J. J. Skiles, 
University of Wisconsin and consultant to 
Allis-Chalmers Mfg. Co.; J. B. Cage, mathema- 
tician; H. D. Bickle Allis-Chalmers Mfg. Co. 
Digital Solution of Power System Transcients 
L.. O. Barthold, General Elec. Co 
Co-ordinated Operation of a Medium Sized 
Digital Computer and A-C Network Analyzer 
H. D. Hunkins, Bureau of Reclamation, De- 
partment of the Interior 

Automatic Writeout Equipment Used with 
A -( Nework Calculator R E Gilbreath, 
Westinghouse Elec. Corp 

Improvements in Bonneville Network Anal- 
yvzer. K. Tuttle, Bonneville Power Admin. 


2:00 p.m. Atmospheric Pollution 


Sponsored by the Power Division of ASME 


Chairman: R, M 
Co. 


Vanduzer, Detroit Edison 


Co-Chairman: G. L. West, Jr., Department of 
Naval Architecture and Marine Engineering, 
Univ. of Michigan 

Atmospheric Pollution Prediction by Model 
Studies of Industrial Stacks. F. K. Boutwell, 
Univ. of Michigan 

Topographical Influence on the Behavior of 
Stack Effluents. F. W. Hewson, E. W. Bierly, 
G. C, Gill, Department of Civil Engineering, 
Univ. of Michigan 

Review of Commonwealth Edison Company's 
Experience with Precipitators. M. J. Archbold, 
Commonwealth Edison Co, 


3:30 p.m. Central Stations Vi—Optimiza- 
tion and Control 


Chairman: E. T. B. Gross, professor of elec- 
trical engineering, Illinois Institute of Tech- 
nology 

Co-Chairman: D. H. Madsen, professor of me- 
chanical engineering, State Univ. of Iowa 
Automatic Programming for Optimized Power 
Plant Design. F. H. Westervelt, Univ. of Mich- 
igan; C. D. Birget, Commonwealth Associates, 
Inc. 

An Integrated Turbine-Reactor Control System 
for the Sodium Reactor Experiment. R. J. 
Hall, Atomics International, Division of North 
American Aviation, Inc.; F. C. Six, Leeds and 
Northrup Co. 


Joint Conferences Planned 
on Rural Electricity—Appliances 


Louisville, Ky., will be the site of the 
AIEE’s Domestic and Commercial Appli- 
cations Committee’s annual Technical 
Conferences on Rural Electrification and 
Domestic Appliances. B. F. Parr is national 
committee chairman while the host Louis- 
ville Section is headed by H. N. McGinnis. 
The meeting will be opened at the Ken- 
tucky Hotel, with a joint registration and 
general meeting. Separate technical ses- 
sions on Rural Electrification with H. T. 
Smith, committee chairman, and Domestic 
Appliances with W. F. Kindt, committee 
chairman, will be held. 

Appropriate field trips are being 
arranged. Louisville is noted for its appli- 
ance, automobile, chemical processing, 
distillery, and tobacco industries. It is also 
the home of Churchill Downs and the 
Kentucky Derby; horse racing season will 
be under way during the week of the 
conference. 





Conference Pa pers 


on or before March 27. 


Turn-On Action. J. Somos 
60-230 


60-231 


60-642 


son 
60-645 
60-649 
60-844 
60-846 

tems. Nathan Cohn 
60-851 


Talcott, P. M. Tabor, C. 
60-852 
Generators. K. 
60-874 


60-1005 
60-1018 


60-1019 
Systems. 1.. E. 


60-1226 
60-1229 
60-1282 

R.L. Peek, Jr. 
60-1400 


60-1407 





Open for Discussion 


Conference papers listed below have been accepted by AIEE Transactions 
and are now oven for written discussion until March 27. Duplicate double- 
spaced typewritten copies of each discussion should be sent to E. C. Day, Assist- 
ant Secretary for Technical Papers, AIEE, 33 W. 39th St., New York 18, N. Y., 


60-22 Switching Characteristics of Silicon Power-Controlled Rectifiers. I. 


Ultrahigh-Temperature (500 C) Electronic Transformers. Part II. De- 
sign Optimization. G. Walters 

Ultrahigh-Temperature (500 C) Electronic Transformers. Part I. De- 
sign Considerations. J. F. Rippin, Jr.. H. B. Harms, G. Walters 
Automatic Speed Regulation of D-C Motors Using Combined Arma- 
ture Voltage and Motor Field Control. Ansgar Hansen, A. W. Wilker- 


Wide-Range D-C Center Wind Drive. Byron Jones, Thomas Pare 
A-C Contactors Supplied by Long Control Lines. R. P. Alley 

Incremental Cost of Water Power. S. Stage, Y. 
Methods of Controlling Generation on Interconnected Power Sys- 


Performance of A New Static-Magnetic Exciter and Voltage Regu- 
lator for Round-Rotor Marine Steam-Turbine Generators. D. F. 
Concordia 

A New Frequency Converter Excitation “FCE” System for A-C 
M. Sparrow 
Initiation of Flux Reversal 
Friedlaender, I. P. Leliakov 
Rotating Raster Character Recognition System. R. W. Weeks 
Stochastic Time Optimal Control Systems. Masamao Aoki 

A Digital Time Domain Synthesis Technique for Feedback Control 
Weaver, A. P. Sage, R. L. Miller, Jr. 

E-Algebras in Switching Theory. Warren Semon 

Logical Design by Regression (Matrix Logic VII). E. J. Schubert 
Magnetization and Pull Characteristics of Mating Magnetic Reeds. 


Operation of A Hydro-Thermal Electric System —A Multi-Stage 
Decision Process. J. Lindqvist 

Data Gathering and Transmission System for Project EHV. P. A. 
Abetti, D. W. Caverly, D. D. Davis, E. A.Whepley 


Preprints may be purchased at 50¢ each to members, $1.00 to nonmembers, 
if accompanied by remittance or coupons. Please order by number and send 
remittance to: AIEE Order Department, 33 W. 39th St., New York 18, N. Y. 


Larsson 


in Magnetic Amplifier Cores. F. J. 
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RECIPIENT of the 1960 Hoover Medal, President Eisenhower (right) accepts the award from 
W. L. Cisler (left), president of the Detroit Edison Company and chairman of the Hoover Medal 
Board of Award, at a dinner in Washington, D. C., on January 10. 


Hoover Medal Is Presented 


to President Eisenhower for Leadership 


FOR the second time, a President of the 
United States has received the Hoover 
Medal, sponsored by four of the nation’s 
leading engineering societies. Dwight D. 
Eisenhower was awarded the medal at a 
dinner in Washington, D.C., on January 
10. Herbert Hoover, after whom the medal 
is named, was its first recipient in 1930. 
W. L. Cisler, president of the Detroit 
Edison Company, past president of the 
American Society of Mechanical Engi- 
neers, and chairman of the Hoover Medal 
Board of Award, made the presentation, 


Citation Given 


President Eisenhower's citation from the 
engineering group reads: “History records 
the leadership in world peace which 
Dwight David Eisenhower has given to all 
people in preparing and directing under- 
takings of monumental engineering di- 
mensions in military and civilian opera- 
tions of great magnitude and far reaching 
significance. As organizer, leader, and our 
President, he has throughout his illustri- 
ous career given proof of the importance 
of the individual by the impact of his 
actions in building a better world for 
people everywhere.” 

Sponsors of the Award are AIEE, the 
American Society of Civil Engineers, the 
American Institute of Mining, Metallurgi- 
cal, and Petroleum Engineers, and the 
American Society of Mechanical Engi- 
neers. 

Speaker at the dinner was S. L. A. 
Marshall, Brigadier General, retired, U. S. 
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Army. His topic was: “The Engineering 
Victory of the European Theater of Op- 
erations.’ General Marshall, who was his- 
torian of a number of major military 
activities of World War II, is now military 
critic and editorial writer of the Detroit 
News. His military column is nationally 
syndicated. 


Former Recipients Named 


Previous recipients of the Award are: 
1930—Herbert Hoover 
1936—Ambrose Swasey 
19388—Gano Dunn 
1941—D. R. Yarnall 
1942—Gerard Swope 
1944—R. E. Flanders 
1945—W. H. Harrison 
1955—C. F. Kettering 
1956—Herbert Hoover, Jr. 
1957—Scott Turner 
1958—R. A. Wheeler 
1959—H. T. Heald 


5th Midwest Symposium 
on Circuit Theory Scheduled 


Topology in circuit theory will be stud- 
ied at the 5th Midwest Symposium on Cir- 
cuit Theory on May 6, 8, and 9 at the 
University of Illinois. Sponsors of this 
meeting are: AIEE Basic Sciences Com- 
mittee, the Institute of Radio Engineers’ 
Professional Group on Circuit Theory, 
and the University of Illinois’ department 
of electrical engineering. 


Institute Activities 


The tentative technical program fol- 
lows: 


Saturday, May 6 


Workshop in Graph Theory 


Lectures by S. L. Hakimi, W. Mayeda, Univ. 
of Illinois; M. B. Reed, Michigan State Univ.; 
S. Seshu, Syracuse Univ.; Louis Weinberg, 
Hughes Research Labs. 


Monday, May 8 


Morning Session 


Chairman: R. M. Wainwright, Good-All Elec. 
Mfg. Co. 


Address of Welcome. E. C. Jordan, Univ. of 
Illinois 


Network Applications of Graph Theory. Sun- 
daram Seshu, Univ. of Syracuse. Commentator: 
P. R. Bryant, General Elec. Co. 


Linear Graphs: A Few Reflections on Its Fu- 
ture in the Curriculum and in Research. Louis 
Weinberg, Hughes Research Labs. Commenta- 
tor: H. E. Koenig, Michigan State Univ. 


Flowgraphs for Nonlinear Systems. T. A. Bick- 
art, Johns Hopkins Univ. Commentator: C. L. 
Coates, General Elec. Co. 


Afternoon Session 


Chairman: B. R. Myers, Univ. of Waterloo 


The Seg: A New Class of Subgraphs. M. B. 
Reed, Michigan State Univ. Commentator: 
FE. W. Hobbs, McDonnell Aircraft Co. 


A Method of Tree Expansion in Network 
Theory. Hitoshi Watanabe, Nippon Elec. Co. 
Commentator: W. H. Kim, Columbia Univ 


On Realizability of a Set of Trees. §. L. Ha- 
kimi, Univ. of Illinois. Commentator: K. A. 
Pullen, Aberdeen Proving Ground 


Evening Session 


Panel Discussion: The Historical Development 
of Circuit Theory. H. W. Bode, Sidney Darl- 
ington, Bell Telephone Labs.; E. A. Guillemin, 
MIT 


Tuesday, May 9 
Morning Session 


Chairman: A. B. Macnee, Univ. of Michigan 


On the Synthesis of Resistive N-Port Networks. 
G. Biorci, P. P. Civalleri, Instituto Elettrotec- 
nico Nazional. Commentator: Satio Okada, 
Stromberg-Carlson 


Paramount Matrices and Synthesis of Resistive 
N-Ports. 1. Cederbaum, Columbia Univ. Com- 
mentator: F. M. Reza, Syracuse Univ. 


On the Synthesis of R-Networks. D. P. Brown, 
Y Tokad, Michigan State Univ. Commen- 
tator: H. C. So, Univ. of Rochester 


Afternoon Session 


Chairman: W. B. Boast, Lowa State Univ. 


Analysis and Synthesis Techniques of Oriented 
Communication Nets. D. T. Tang, R. T. 
Chien, IBM Research Labs. Commentator: §. S. 
Yau, Univ. of Illinois 


Optimal Synthesis of a Communication Net. 
Omar Wing, Columbia Univ.; R. T. Chien, 
IBM Research Labs. Commentator: W. May- 
eda, Univ. of Illionis 


The Structures of Switching Nets. Lars Lof- 
gren, Univ. of Illinois. Commentator: P. M. 
Lewis, General Elec. Co. 





Note: |: Papers presented at the Symposium 
will be published in the March 1961 issue of 
the Institute of Radio Engineers (IRE) 
Transactions on Circuit Theory. 


Note 2: Information concerning housing at 
Allerton Park and registration may be ob- 
tained by writing to Prof. M. E. Van Val- 
kenburg, oe of Electrical Engineer- 
ing, Univ. of Illinois, Urbana, Il. 
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Stanley Seligson 


ACCEPTING the gavel from A. B. Kinzel (left), EJC president for 1960, is J. N. Landis (right), 
vice-president of the Bechtel Corporation, who will head EJC as its president for 1961. Mr. 
Landis received the gavel at the EJC annual meeting on January 19, 


EJC Begins New Year 


with Annual Meeting in New York 


THE annual meeting of the Engineers 
Joint Council (EJC) was held Thursday, 
January 19, at the Biltmore Hotel, New 
York, N, y 

An open meeting for the transaction of 
regular business was held during the 
President A. B. Kin- 


zel presiding. Following a formal recog- 


morning, with E]J¢ 


nition of outgoing members of the Board 
of Directors and approval of the minutes, 
the report of the Finance Committee was 
presented by W. E. Lobo, chairman 

As the result of a change in the Consti- 
tution, reported E. J. Kates, chairman of 
the Constitution and Bylaws Committee, 
dues for affiliate members are now $100 
per year minimum 

Vice-Chairman H. G. Dixon of the En- 
ginecring Manpower Commission Commit- 
tee stated that work is nearly completed 
on a survey of engineering salaries, and 
that a report will be released within the 
next few months 


Appreciation Certificate Presented 

A certificate of appreciation was 
awarded to Gen. S. E. Reimel for his 
many years of invaluable service by the 
International Relations Committee. 

F. D. Kay, chairman of the Membership 
Committee, reported that the Chinese In- 
stitute of Engineers and the American 
Society of Testing Materials have been 
admitted to EJC as affiliates, and the 
American Society of Agricultural Engi- 
neers has been transferred from affiliate 
to constituent grade 

W. E. Lobo reported briefly on the EJC 
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mission to the Soviet Union, which took 
place during June and July 1960. A team 
of six engineers from the United States 
visited various higher educational estab- 
lishments, industrial plants, and institu- 
tions that train technicians. A full report 
of their findings and observations will be 
forthcoming shortly. 


EJC’s Newspaper Described 
Pearl, editor of 
EJC’s new newspaper, described its prog- 
ress. The first issue came out in the Fall 


Carleton Engineer, 


of 1960 and was mailed to members of the 
constituent societies. It is anticipated that 
in the future the newspaper will carry 
some advertising. Present plans call for 
four issues during 1961, the first to appear 
this Spring. 

Ihe last item on the agenda was the 
introduction of the 1961 president, J. N. 
Landis, vice-president of the Bechtel Cor- 
poration, who received the gavel from 
President Kinzel. 

At the luncheon session, Col. D. D. 
Omer, deputy director of the Selective 
Service System, discussed some of the 
problems involved in determining policies 
for the best utilization—military or civil- 
ian—of young engineers, scientists, and 
other technically trained personnel. 

During the afternoon, seven members of 
a panel covered various areas of interest 
of EJC, President Landis opened the 
session with a brief resume of EJC’s role 
in society and in the profession. 

George Browne covered some of the 
international opportunities and _ obliga- 


Institute Activities 


tions of engineers. He stressed the increase 
in Opportunities abroad, particularly in 
underdeveloped countries. He also pointed 
out the necessity for supplementing our 
engineering techniques with knowledge of 
other cultures. The EJC Committee on 
International Relations has acted as 
spokesman of the engineering societies 
throughout thé world in such areas as 
government and international organiza- 
tions, engineering societies in other coun- 
tries, and in UPADI, the Pan-American 
Federation of Engineering Societies. Five 
of the projects in which the Committee 
has been particularly active during the last 
year have been participation in the con- 
gress on engineering education held in 
Buenos Aires, Argentina, and in a pro- 
gram for the exchange of engineers with 
other nations. 


Need for Co-operation Stressed 


G. E. Holbrook pointed out the com- 
pelling need for more co-operation and 
communication among societies and mem- 
bers of societies. He stated that the au- 
tonomy of societies, while important, 
should not transcend the needs of the 
profession. AIEE President Linder com- 
mented on the need for exchange of tech- 
nical information between groups and 
cautioned against unnecessary and dupli- 
cate meetings. He cited the success of 
technical conferences on specific subjects 
which have been sponsored jointly by 
AIEE and other groups. The text of his 
comments appear on pp. 204-05 of this 
issue. 

T. O. Paine of the Engineering Re- 
search Committee discussed some of the 
questions being explored by the Commit- 
tee, including relative priorities of the 
technical needs throughout the world, 
future transportation needs of the United 
States, relations between national re- 
sources and sources of energy, interaction 
between medical and engineering tech- 
nology, and the role of professional so- 
cieties. 

Other reports were made by R. K. 
Honaman on problems and needs in the 
area of information flow, by S. B. Ingram 
on the various aspects of engineering 
manpower and the continuing shortage of 
engineers, and by M. D. Hooven on the 
needs for a thorough evaluation of the 
engineering profession. 

At the annual dinner, Dr. Detlev Bronk, 
president of the National Academy of 
Sciences, spoke on the challenging future 
of engineering. He stated that the engi- 
neer is a scientist who is more than a 
scientist; it is his concern to extend the 
powers of the normal human body. 

He cited some of the things that have 
been accomplished in the fields of com- 
munication, transportation, and the ex- 
ploration of space in less than 15 years. 
However, he also pointed out that mil- 
lions in the world do not have even the 
barest rudiments of comfort, and thus 
cannot enjoy the spiritual evolution sci- 
ence can give to man. “Perhaps,” he said, 
“the men whose business it is to apply 
knowledge should direct its application.” 

In closing, Dr. Bronk said that since 
science has increased the years between 
birth and death, we should now ask sci- 
ence to make fuller the lives that are lived. 
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AIEE’S HISTORY and its future were discussed at the January meeting of the Los Angeles Sec- 
tion, Prominent among those who attended were: (left to right) Robert Milmoe, Section chair- 
man; C. H, Linder, AIEE president and guest speaker at the Section meeting, and Dr. R. A. 
Sorenson, past president of AIEE and honorary president of the Royal A. Sorenson Fellows of 


the Los Angeles Section. 


Los Angeles Section Is Addressed 
on AIEE’s History and Its Responsibilities 


AIEE and _ its 
in the years ahead was the subject of a 
talk by C. H. Linder, AIEE president, at 
the January 17 dinner meeting of the Los 
Angeles Section. 

This responsibility includes not only 
a recognition of organizational and opera- 
tional problems within AIEE and other 
technical and professional societies, Mr. 
Linder explained, but also a realization of 
our obligation, through technological de- 
velopment, to society as a whole. 

As a group of professional people, the 
AIEE must be sensitive to and deeply con- 
cerned with some of the national and 
international problems about us. Since 


potential responsibility 


ours is a dynamic society, we must be alert 
to recognize environmental changes and 
meet them with understanding. 


Nation's Status Viewed 

Mr. Linder touched briefly on our status 
as a nation, identifying such problems as 
the fantastic rate of growth of our fund 
of technical knowledge and the increasing 
difficulty of “getting at it,” the popula- 
tion explosion and its national effect, our 
national economic position on the world 
market, and how the United States has 
changed from a “have got” nation to a 
“need” nation. Today, 45% of the free 
world raw materials are used by the 
United States, and Mr. Linder called upon 
the engineering profession to meet foreign 
economic pressures through the use of 
“imaginative engineering in the choice of 
future designs.” He emphasized that the 
engineering society is in a position to 
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make a significant contribution to the 
management of our technology. 

The internal problems of technical so- 
cieties were explored in some detail by 
Mr. Linder. He reviewed the problem of 
unity among such societies and the lack of 
progress during the 25 to 30 years of con- 
sideration. Mr. Linder stressed the need 
of directing every effort toward uniting 
and providing platforms for new needs of 
common interest within current structures 
to avoid a constant increase in technical 
societies. Technical meetings taking place 
at the same time on the same subject were 
considered as “wasting time, energy, and 
the members’ money.” 

In the matter of unity, Mr. Linder 
pointed out that the high officers of each 
society could not solve all the problems 
involved. We as technical society members 
must determine, at a _ grass-roots level, 
what technical information is desired and 
then move in the direction of more com- 
mon meetings. The primary objective of 
the technical society is the dissemination 
of technical information, and this can 
best be accomplished by being responsive 
to the changing technological needs of our 
environment. 


Color Slides Illustrate Presentation 

Mr. Linder concluded his presentation 
with a series of color slides which graphi- 
cally traced the history of AIEE and 
other technical societies, relating such 
items as membership growth, number of 
committees, operating expenses, number 
of societies, and allied statistics. 


Institute Activities 


An added event at this meeting was 
the presentation of the AIEE Los An- 
geles Section’s first Electrical Engineering 
Scholarship Award. This award is to be 
made on an annual basis as determined 
by the head of the electrical engineering 
department of the school selected to re- 
ceive the award. 

Because the California State Polytech- 
nic College has the most active student 
branch of the five within the Los Angeles 
Section, the first award was made to this 
institution. F. W. Bowden, head of the 
electrical engineering department at Cali- 
fornia State Polytechnic, selected D. W. 
Allen to receive the award. Mr. Linder 
made the scholarship presentation to Mr. 
Allen during the dinner meeting. 


Electric Welding Conference 
Set for April 18-19 in New York 


The AIEE Electric Welding Conference 
will be held jointly with the American 
Welding Society (AWS) during the AWS 
annual meeting which is scheduled for the 
week of April 17-21 at the Hotel Commo- 
dore in New York City. The AIEE sessions 
will be held April 18-19. 

Aside from the technical sessions, there 
will be a session during the morning of 
the opening day which will cover intro- 
ductions, opening remarks, and special 
awards. A reception, followed by an an- 
nual dinner, will be held on that evening. 

A tentative program of the technical 
sessions which the AIEE will conduct at 


the conference follows: ‘ 


Tuesday, April 18 


9:30 a.m. Session IV—Resistance Welding 


*Standards for Resistance Welding Control. 
R. C. Mierendorf, Square D Co. 

Applying Static Control to Resistance Welding. 
Cc Meyer, W. Brown, Square D Co. 
Instrumentation in Automotive Resistance 
Welding. E. J. Zulinski, Ford Motor Co 
Load Control for Resistance Welding. R. E. 
Rogers, Instrument Control Co. 


2:00 a.m. Session VII—Arc Welding 


Electrical and Metallurgical Factors Influenc- 
ing Welding Arc Stability. J. E. Ginn, Boeing 
Airplane Co 

Wave Shape Effect on Alloying and Arc Sta- 
bilitv of Alternating Current Tungsten Inert 
Arc Welding. T. B. Correy, General Elec. Co. 
Some New Concepts in Power Supplies and 
Arc Initiation Applied to TIG Spot Welding. 
Marcel Sommeria, Sciaky Bros., Inc. 


Wednesday, April 19 


9:30 a.m. Session Il—Arc Welding 


A Double Taper Tungsten Arc Welding Con- 
trol. Austin Dixon, Westinghouse Elec. Corp. 
New Developments in Electron Beam Welding 
Machines. J. L. Solomon, Sciaky Bros., Inc. 
Deveiopment of a Power Supply for Stored 
Energy Arc Welding. C. C. Stone, R. A. No- 
land, Argonne National Lab. 


*Paper based on a tentative Standard prepared 
by the National Electrical Manufacturers As- 
sociation and the Resistance Welder Manufac- 
turers Association 
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DISCUSSING final plans for the 1961 Western Joint Computer Conference are: (left to right, 
standing) John Whitlock, exhibits management; Santo Lanzarotta, public relations; Smil Ruhman, 
associate program chairman; L. C. Hobbs, printing; Marvin Howard, registration; William Speer, 
finance; and (seated) J. D. Madden, associate program chairman; R. H. Hill, exhibits; Dr. R. W. 
Rector, conference administrator; Dr. W. F. Bauer, general chairman of the 1961 meeting; 
Keith Uncapher, conference vice-chairman; and R. D. Aeder, publications. 


Computer ( ionference 
Is Scheduled for May 9-11 


Arrangements Committee chairmen for 
the Western Joint Computer Conference 
recently discussed final plans for the 
May 9-11 meeting to be held at the Am 
bassador Hotel in Los Angeles, Calif. 
More than 2,000 registrants are expected 
to attend the 9th annual conference and 
view more than 90 industry exhibits. 

Committee chairmen include the fol- 
lowing: John Whitlock, exhibits manage- 
mént; Santo Lanzarotta, public relations 
chairman, Datamation 
Ruhman program chairman, 
Packard Bell Computer Division; L. C. 
Hobbs, printing chairman, Aeronutronic 


Division of Ford Motor Company; Marvin 


magazine; Smil 


associat 


Howard, registration chairman, Thomp- 
William 
Speer, finance chairman, Norden Division 
of United Aircraft) Corporation; J. D 
Madden program chairman, 
System Development Corporation; R. H. 


son Ramo Wooldridge,  Inc.; 


associat 


Hill, exhibits chairman, Thompson Ramo 
Wooldridge, Inc.; Dr. R. W. Rector, con- 
ference administrator, Space Technology 
Laboratories; Dr. W. F. Bauer, general 
chairman of the 1961 meeting, Thompson 
Ramo Wooldridge, Inc.; Keith Uncapher, 
conference vice-chairman, Rand Corpora- 


tion, and R. D. Aeder, publications 


M. H. Kight 
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chairman, IBM Corporation; William Do- 
brusky, hotel arrangements, Systems De- 
velopment Corporation; Dr. C. T. Le- 
ondes, program chairman, University of 
California at Los Angeles; Paul Armer, 
associate program chairman, Rand Corpo- 
ration; Mrs. Phyllis Huggins, women’s 
activities, Bendix Corporation; and Joel 
Herbst, trips, Telemeter Magnetics, Inc. 


Denver Engineers Conduct 


Panel Meeting on Achieving Unity 


Four prominent Denver, Colo., engi- 
neers recently participated in a panel dis- 
cussion on “Organizing the Engineering 
Societies for Unity” at a joint meeting in 
Denver of the local chapters of AIEE, the 
American Society of Mechanical Engi- 
American Institute of 
Chemical Engineers. 

\. E. Paige, head of the electrical engi- 
neering department at the University of 
Denver, was moderator of the panel. At 
the opening of the discussion, he stated: 

“Existing technical societies are highly 


neers, and the 


successful organizations and serve their 
members well in the technical field. The 
need for greater unity in the engineering 
profession arises chiefly from the increas- 
ing number of legal, political, ethical, ed- 


ucational, and economic problems with 
which engineers are confronted, and many 
hope and believe there is a way for engi- 
neers to be more effective in their rela- 
tions with each other and with the public 
they serve. As a result, there have been 
several proposals for organizing the pro- 
fession to achieve unity.” 

M. H. Kight of the U. S. Bureau of 
Reclamation presented the Functiona, 
Plan proposed by AIEE, and W. H. Parks, 
head of the mechanical engineering de- 
partment at the University of Denver, de- 
scribed the Amalgamated Plan proposed 
by the Engineers Joint Council. L. M. 
Robertson, manager of engineering for 
the Public Service Company of Colorado, 
gave a summation of the Unity problem. 

These four men have been active in 
promoting unification of the engineering 
profession. 


Packaging Subcommittee 
To Meet Industry-Wide Problem 


Generally chaotic conditions in the re- 
quirements for and use of electric equip- 
ment in connection with packaging ma- 
chinery have led to the formation of a 
special industry-wide group to meet the 
problem. Formed late in 1959, it is the 
AIEE Packaging Industry Subcommittee 
of the General Industry Applications 
Committee (GIAC). 

The greater use of semi-automatic and 
fully automatic packaging machinery has 
helped to bring to a head the growing 
problem of specification and maintenance 
of the electric equipments used in con- 
nection with it. 

The rapid growth of automation in the 
packaging line has proved troublesome 
not only to the packagers but to the sup- 
pliers of packaging machinery and_ the 
manufacturers of electric equipment. 
Training of packaging line operators and 
of packagers’ purchasing agents is_ re- 
quired to meet the situation as well. Addi- 
tionally, greater understanding of packag- 
ing machinery demands on electric wiring 
and equipment seems requisite on the part 
of the electrical manufacturing and main- 
tenance industry. Standardization of elec- 
tric equipment is also a major factor for 
consideration. This would simplify the 
problems of the packaging machines op- 
erator and maintenance man, the packag- 
ing equipment supplier (purchaser of 


Boeing Airplane Co, Public Service Co. of Colorado 


W. H. Parks 
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eleetric equipment), and the electrical 
manufacturer. 

Purpose of the Packaging Subcommit- 
tee, as stated by G. W. Knapp of General 
Electric Company, GIAC chairman, is to 
concentrate on application problems, look 
on the over-all problem in terms of re- 
sults, sponsor forums for idea exchange, 
and formulate standards by which the en- 
tire industry will benefit financially. 

Study of the electric equipment situa- 
tion as related to packaging disclosed a 
lack of complete understanding of the 
problems of both the packaging and the 
electrical industries, with resulting unsuit- 
able electrical performance. 

The new AIEE subcommittee received 
immediate support from packaging organ- 
izations, including the Packaging Ma- 
chinery Manufacturers Institute and the 
Packaging Institute. Membership in the 
packaging subcommittee is confined to 
qualified electrical personnel and to those 
having direct electrical respongibility and 
understanding of the many aspects and 
problems relating to the packaging in- 
dustry. 

After a year of intense organizational 
work and preliminary discussions, the 
AIEE subcommittee is now ready to re- 
port to and receive reports from both the 
electrical and packaging industries. The 
First Technical Conference of the Pack- 
aging Industry Subcommittee has been 
scheduled for May 1961. Enthusiastic re- 
sponse from packaging and_ electrical 
people presages success for the conference. 

The chairman of the subcommittee is 
J. D. Ramsey, manager of electrical engi- 
neering, Campbell Soup Company. The 
vice-chairman is F. R. Cinco, chief elec- 
trical engineer, Package Machinery Com- 
pany. I. E. Eliasson, manager of New York 
sales, Machinery Electrification, Inc., is 
secretary. 


IAEA Offers Scientists 
Training and Exchange Programs 


One of the major areas of assistance to 
the 73 member states by the International 
Atomic Energy Agency (IAEA) lies in the 
training and exchange of scientists and ex- 
perts. 

Since the inception of the fellowship 
and training activities of IAEA in 1958, 
the Agency’s objectives are being directed 
towards a fellowship program and an ex- 
change program. The entire activity is 
closely integrated to provide a variety of 
training opportunities relating to the 
peaceful uses and applications of nuclear 
energy and its technology. 

The IAEA fellowship program provides 
three broad types of training: 

1. General techniques training to de- 

velop skill in the use of some funda- 

mental techniques in the domain of 
atomic energy. 


2. Specialist training to prepare spe- 
cialists in the theoretical and experi- 
mental aspects of the science and tech- 
nology of nuclear energy. 


$. Research training to provide ad- 
vanced training, including active par- 
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ticipation in research work, for per- 
sons potentially qualified to develop 
and carry out research programs in 
the basic sciences and engineering. 


While the fellowship program is con- 
cerned with training the individual stu- 
dent, the exchange program aims at im- 
proving teaching and research facilities in 
general, and offers a wide variety of meth- 
ods of achieving this objective, which in- 
cludes in particular: 


1. Visiting professors or scientists. 


2. Organization of training courses, 


refresher courses, and educational sem- 
inars. 


Q 


3. Regional training centers. 
t. Research and special grants. 


5. Visits by scientists to foreign cen- 
ters. 


The individuals who are sent abroad or 
to whom grants are made are not students 
in the usual sense, but qualified scientists 
or teachers who, through such visits or 
grants, can contribute more effectively to 
scientific progress upon return to their 
own countries. 

The permanent seat of the Agency is in 
Vienna, Austria, where the first session of 
the General Conference was held in Oc- 
tober 1957. The Agency’s Statute was ap- 


proved the previous year at an interna- 
tional conference held in New York at 
United Nations headquarters. 


Expert Discusses Approach 
to Standardization of Instruments 


“A New Approach to Electrical Instru- 
ment Calibration” was discussed at a 
meeting of the AIEE Detroit Section on 
January 24 at the Detroit Institute of 
Technology by K. J. Koep, senior engi- 
neer, Test Equipment, of Daystrom, Inc., 
Weston Instruments Division. 

“Keeping pace with the expanding needs 
of modern technology requires that indus- 
try maintain the highest standards for its 
basic instruments,” emphasized Mr. Koep. 
As a solution to the usual need for highly 
trained technicians and time-consuming 
standardization procedures, he suggested 
the speed and accuracy of new available 
calibration consoles which permit even an 
unskilled operator to calibrate instruments 
to an accuracy of 0.05% of indicated 
value. 

“Circuit techniques enable a wide vari- 
ety of output magnitudes to be obtained 
from one console,” he said, “thereby elim- 
inating the necessity for having the large 
number of standards normally required.” 


AIEE PERSONALITIES 


Named Fellows of the Institute of Radio 
Engineers as of January 1, 1961, are the 
following: Paul Adorian (M ‘41), man- 
aging editor, Associated-Rediffusion, Ltd., 
London, England; S. $8. Attwood (AM ’21, 
F '43, Member for Life), professor, dean of 
engineering, University of Michigan, Ann 
Arbor, Mich.; G. S$. Axelby (AM ‘5l, 
M ’57), Westinghouse Electric Corpora- 
tion, Baltimore, Md.; 8. H. Dike (AM ‘42, 
M '51), president, Dikewood Corporation, 
Albuquerque, N. Mex.; W. C. Dunlap, Jr. 
(M '51), director, semiconductor research, 
Raytheon Company, Waltham, Mass.; 
H. L. Flowers (AM ‘39, M °47), director, 
weapon systems, Goodyear Aircraft Cor- 
poration, Akron, Ohio; E. H. Greibach 
(M ‘43), president, Greibach Instruments 
Corporation, New Rochelle, N. Y.; D. D. 
Grieg (AM ’39), president, Electronic Re- 
search Associates, Cedar Grove, N. J.; 
Cc. E. Hastings (AM °36, M '43), president, 
Hastings-Raydist, Inc., Hampton, Va.; 
Y. H. Ku (F ’45), Moore School of Elec- 
trical Engineering, University of Penn- 
sylvania, Philadelphia, Pa.; H. A. Leedy 
(M '46), vice-president, Armour Research 
Foundation, Chicago, Ill; G. D. Me. 
Cann, Jr. (AM ’38, F °50), professor, Cali- 
fornia Institute of Technology, Pasadena, 
Calif.; M. E. Mohr (AM ’39, M °53), vice- 
president, Operations, Thompson Ramo 
Wooldridge, Inc., Los Angeles, Calif.; 
D. C. Ports (AM °38, M ’47), vice-presi- 
dent, Jansky & Bailey, Inc., Washington, 
D. C.; H. I. Romnes (AM '41, F '57), presi- 
dent, Western Electric Company, New 
York, N. Y.; L. S. Schwartz (AM 45, 
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M '48), professor, College of Engineering, 
New York University, New York, N. Y.; 
R. M. Somers (AM ’'29, M °42), director of 
engineering, Bendix Aviation Corporation, 
Kansas City, Mo.; E. K. Stodola (AM ’37, 
M °47), Reeves Instrument Corporation, 
Garden City, N. Y.; C. R. Wischmeyer 
(AM ‘40, F °51), master of Baker College, 
Rice Institute, Houston, Texas; and A. M. 
Zarem (AM 43, M ’50), president, Electro- 
Optical Systems, Inc., Pasadena, Calif. 
Mr. Dunlap has served on the following 
AIEE Committees: Basic Sciences (1951-61, 
chairman 1957-59); Science and Electronics 
Division (1957-60), and Solid-State Devices 
(1960-61). Mr. Flowers is a member of the 
AIEE Electronics Committee (1949-61, 
chairman 1959-61) and Science and Elec- 
tronics Division Committee (1959-61). Mr. 
Hastings has served on the AIEE Record- 
ing and Controlling Instrumentation Com- 
mittee (1959-60). Mr. Ports is a member of 
the following AIEE Committees: Electronic 
and High Frequency Instruments (1956-61, 
chairman 1958-60), Instrumentation Divi- 
sion (1958-60), and Automation and Data 
Processing (1958-60). Mr. Romnes served 
on the Communication Division Commit- 
tee (1949-56, chairman 1949-51). Mr. 
Schwartz is a member of the AIEE Com- 
munication Theory Committee (1957-61, 
chairman 1959-61) and Communication 
Division Committee (1959-61). Mr. Zarem 
serves on the AIEE Electronics Committee 
(1948-61, chairman 1955-57). 


H. C. Anderson, Jr. (AM °49) and J. M. 
Tomme (AM '54) have recently been pro- 
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moted by Southern States Equipment Cor- 
portation of Hampton, Ga. Mr. Anderson, 
who has been with Southern States since 
1946, has been named sales manager—pro 
tective equipment. Mr. Tomme has been 
associated with the corporation since 1953 
and is now sales manager—power switch 
ing equipment. 


L. V. Berkner (AM ’29, F °47), president of 
Associated Universities, Inc., has been 
elected president for 1961 of the Institute 
of Radio Engineers (IRE). The IRE vice- 
president representing overseas countries 
for 1961 will be Franz Ollendorff (M 54), 
research professor at the Technion-Israel 
Institute of Technology, Haifa, Israel. The 
IRE vice-president representing North 
America will be J. F. Byrne (AM ‘41), 
manager of the Riverside Research Lab 
oratory, Motorola, Inc., Riverside, Calif. 
Elected as directors for the 1961-63 term 
are E. F. Carter (AM °24, M °47), director 
and member of the Board of Directors, 
Stanford Research Institute, Menlo, Park, 
Calif. Regional directors of IRE elected 
for 1961-62 are as follows: Region 2 

4. B. Giordano (AM ‘40, M °57), associate 
dean in charge of the Graduate School 
and professor of electrical engineering, 
Polytechnic Institute of Brooklyn, Brook 
lyn, N. Y.: Region 4—A. B. Bereskin (AM 
12, M °47), professor of electrical engi 
neering, University of Cincinnati, Cincin 
nati Ohio Region 6—M. W. Bullock 
M °57), engineering manager, Continental 
Electronics Manufacturing Company, Dal 
las, Texas. Mr. Giordano has served on the 
AIEE Electronic and High Frequency In 
struments Committee (1957-60). 

L. V. Berkner AM °29, F °47) has been 
elected president of the Graduate Research 
Center, Dallas, Texas. Dr. Berkner will 
join the Center from Associated Univer 
sities, Inc., New York, where he has been 
president for 10 years 


Ralph Bown (M °30, F ‘41), renowned 
former Bell Telephone Laboratories sci 
entist, E. A. Guillemin (AM ’24, F ’51), 
Webster professor of electrical engineet 
ing at the Massachusetts Institute of Tech 
nology, and P. C, Goldmark (M ’45, F "54), 
Columbia Broadcasting System Labora 
tories, Stamford, Conn., were among those 
named by the Institute of Radio Engineers 
IRE) to receive awards in 1961. Dr. Bown 
was named to receive the Founders Award, 
1961, “for outstanding service to the IRE 
and for outstanding contributions to the 


radio engineering profession through wise 


and courageous leadership in the plan 
ning and administration of technical de- 
velopments which have greatly increased 
the impact of electronics on the public 
welfare.’ Dr. Guillemin will receive the 
Medal of Honor, 1961, the highest annual 
technical award in the field of electronics. 
Dr. Guillemin will be given the award 
“for outstanding scientific and engineer- 
ing achievements.” The Prize Award by 
Viadimir K. Zworykin, 1961, awarded to a 
member of the IRE for important tech- 
nical contributions to electronic television, 
will be given to Dr. Goldmark “for im- 
portant contributions to the development 
and utilization of electronic television in 
military reconnaissance and in medical 
education.” Mr. Goldmark serves on the 
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AIEE Television and Aural Broadcasting 
Systems Committee (1949-61). 


G. R. Bright (AM 55), formerly with the 
Aluminum Company of America, Massena, 
N. Y., has recently been appointed to the 
staff of our Y-12 Plant, Oak Ridge, Tenn. 
This is an Atomic Energy Installation 
operated by Union Carbide Nuclear Com- 
pany, a division of Union Carbide Cor- 
poration. 


A. J. Buchtenkirch (AM °43) has been ap- 
pointed manager of instrument sales for 
Kollsman Instrument Corporation. Prior 
to his present appointment, Mr. Buchten- 
kirch was eastern regional sales manager 
for Giannini Controls Corporation. 


Milton Castro (AM °57) has been ap- 
pointed associate in charge of electrical 
engineering of Victor M. Garcia Associ- 
ates, consulting engineers, Santurca, P. R. 


Donald Christiansen (AM ‘51) has been 
named to the new post of manager of 
publications for the CBS Electronics divi- 
sion of Columbia Broadcasting System, 
Inc. Mr. Christiansen was previously man- 
ager of information § services. 


E. A. Clarke, Jr. (AM 53) has been pro- 
moted to staff engineer in the applied 
mathematics and computing section of the 
Technical Division at the Baytown, Texas, 
refinery of Humble Oil & Refining Com- 
pany’s Humble Division. 


R. R. Cope (AM °46) has been appointed 
general sales manager of Rea Magnet Wire 
Company, Inc., a division of Aluminum 
Company of America. Mr. Cope will di- 
rect the sale of aluminum magnet wire 
and aluminum foil and sheet strip con- 


ductors. 


J. B. Cottell (AM "49, M ’57), former presi- 
dent of Continental Electric Equipment 
Company, Cincinnati, Ohio, has _ been 
elected chairman of the board. 


M. W. Cresap (Arrit ’59), president, West- 
inghouse Electric Corporation, Pittsburgh, 
Pa., has been elected a trustee of the 
Carnegie Institute of Technology. 


H. F. Dart (AM ’20, F ’58), patent engi- 
neer of the Westinghouse Electronic Tube 
Division at Elmira, N. Y., retired October 
$31 after a 43-year career in the electrical 
industry. A veteran of the early develop- 
ment of radio, Mr. Dart was instrumental 
in the evolvement of many advances in 
electronic tubes, including oxide coated 
cathodes and a-c heater receiving tubes, 
both of which are in use today. He 
worked on basic designs for such early 
radio tubes and devised improved meth- 
ods for testing tubes. As a Signal Corps 
officer in World War I, Mr. Dart in- 
stalled some of the first radios on aircraft 
and trained 300 radio electricians for the 
Army at Indiana University. Following the 
war, he prepared the first radio engineer- 
ing course offered by the International 
Correspondence Schools and taught elec- 
trical courses at Rice Institute and Har- 
vard Engineering School. When Mr. Dart 
joined Westinghouse at Bloomfield, N. J., 
in 1922, there was only one type of receiv- 
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ing tube in production. As the electron 
tube industry expanded, Mr. Dart guided 
the production of the first thyratron, ig- 
nitron, and cathode ray tubes at West- 
inghouse. In 1952, when the company’s 
Electronic Tube Division was formed at 
Elmira, he became engineering staff assist- 
ant. Later, as patent engineer, he directed 
the division’s activities in securing pat- 
ents on new developments. Mr. Dart is a 
member of the AIEE Electronics Commit- 
tee (1948-49, 1955-61). 


Among those who served as_ individual 
sponsors for the 1961 National Engineers’ 
Week, February 19-25, are the following: 
A. B. DuMont (F °43), group general man- 
ager, Allen B. DuMont Laboratories, Di- 
vision of Fairchild Camera and _ Instru- 
ment Corporation; W. L. Everitt (AM °25, 
F °36), dean of engineering, University of 
Illinois; J. F. Fairman (AM °20, F °35, HM 
‘55, Member for Life), senior vice-pres- 
ident, Consolidated Edison Company of 
New York; Titus LeClair (AM '24, F ’40), 
manager, nucleai applications, 
General Atomic Division, General Dvy- 
namics Corporation; and C. H. Linder 
(M ’54, F °57), vice-president, General 
Electric Company. Mr. Everitt has served 
on the AIEE Broadcasting Committee 
(1953-61). Mr. Fairman was AIFE pres- 
ident (1949-50), District 3 vice-president 
(1944-46), and director (1946-49). Mr. Le- 
Clair served as AIEE president (1950-51), 
District 5 vice-president (1946-48), direc- 
tor (1941-45), and on the AIEE Edison 
Medal Committee (1942-44, 1957-62). Mr. 
Linder, AIEE president (1960-61), has 
served as treasurer (1958-60), director 
(1956-58), and on the Executive Commit- 
tee (1957-61). 


power 


W. M. Edson (AM °'54) has been ap- 
pointed chief engineer and manager of 
operations of the Central Vermont Public 
Service Corporation. Mr. Edson had been 
superintendent of operations since 1937. 


A. A. Emlen (AM ’28) has been appointed 
assistant sales manager for Altec Lansing 
Corporation’s Peerless Electrical Products 
Division, Anaheim, Calif. Mr. Emlen was 
formerly chief engineer for the division. 


Norman Enenstein (AM 50), director of 
the company’s Tactical Systems Labora- 
tory, has been appointed a vice-president 
of Litton Systems, Inc., a subsidiary of 
Litton Industries, Beverly Hills, Calif. 


David Eng (AM ’58), who recently com- 
pleted the Allis-Chalmers Manufacturing 
Company’s training course for graduate 
engineers, has been named to a post in the 
engineering analysis section of the Allis- 
Chalmers Industries Group, Milwaukee, 
Wis. 


M. D. Ewing (AM °51), manager of area 
development, Atlantic City Electric Com- 
pany, Atlantic City, N. J., has been elected 
second vice-president of the New Jersey 
Industrial Development Association, a 
state-wide organization of professional 
specialists in the field of industrial plant 
location. 


L. H. Faulkingham (AM ‘40, M ’50) has 
been appointed superintendent of electric 
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operations of the New Bedford Gas and 
Edison Light Company. He will direct the 
operations of the Electric Station, Electric 
Distribution, Electric Engineering and 
Electric Meter Department. 


W. H. Feldmann (M ’44), president of 
Worthington Corporation, has been 
elected vice-president of the National 
Association of Manufacturers for the New 
York-New Jersey Region. He is supervis- 
ing staff implementation of the associa- 
tion’s policies and programs in the bi- 
state area during 1961. In addition, he 
serves as chairman of the association’s 
international economic affairs committee. 


C. R. Fisher (M °58) has been appointed 
manager of product engineering for 
Strom berg-Carlson’s relecommunication 
Division. In his new position, Mr. Fisher 
is responsible for the development of all 
new products in the telephone instru- 
ment, toll ticketing, and “XY” dial switch- 
ing equipment lines. He formerly was 
manager of the Digital Communication 
Laboratory in Stromberg-Carlson’s Re- 
search Division. He has served on the 
AIEE Communication Switching Systems 
Committee (1959-61) and Data Communi- 
cation Committee (1959-61). 


H. K. Foute (AM ’41) has been elected 
president of Drake Manufacturing Com 
pany, Chicago, Ill. Son of the company’s 
founder, A. ]. Foute, H. K. Foute started 
full time as a sales engineer at Drake in 
1940. He later became sales manager and 
then chief engineer. After his father’s 
death in 1950, he became general manager 
and in 1954 was elected executive vice- 
president. 


J. G. Friedman (AM °46) has been named 
sales manager in the systems market area 
for Gulton Industries, Inc., Metuchen, 
N. J. He joined Gulton last Summer. 


John Gammell (AM °38, M ’45) has been 
appointed director, professional develop- 
ment, and J. T. Graham (AM 52) as 
director of graduate training of the Allis- 
Chalmers Manufacturing Company, Mil- 
waukee, Wis. 


D. E. Garr (AM °37, F °51) has been 
named corporate director of engineering 
for Raytheon Company, Waltham, Mass. 
He has resigned as manager of engineer- 
ing operations for General Electric Com- 
pany’s armament and control section. Mr. 
Garr was an AIEE vice-president during 
1956-58. 


R. G. Gentile (AM °50, M '57) has been 
appointed a research group leader at the 
Everett, Mass., laboratories of Monsanto 
Research Corporation, after having served 
as a research specialist with the special 
projects department of Monsanto Chem- 
ical Company’s Research and Engineering 
Division. 


G. E. Gless, Jr. (AM °46), associate profes- 
sor of electrical engineering at the Uni- 
versity of Colorado, Boulder, Colo., has 
been awarded a faculty fellowship for 
doctoral studies by the National Science 
Foundation. In September 1961, he will 
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begin study toward his Ph.D. degree at 
Iowa State College at Ames. His studies 
will be in servomechanics and guidance 
control systems in missiles. 


R. M. Godfrey (AM °49), formerly a de- 
sign engineer, of Howe-Baker Engineers, 
Inc., # subsidiary of Nalco Chemical 
Company, Chicago, Ill., was made chief 
mechanical engineer. 


E. I. Green (AM ’23, F °46, Member for 
Life), executive vice-president of Bell Tele- 
phone Laboratories, retired on November 
30 after a distinguished career of 39 years 
with the Bell System. Mr. Green has been 
granted more than 70 patents for his in- 
ventions and is the author of many 
authoritative articles on scientific subjects 
and on the management and evaluation of 
technical personnel. He began his tele- 
phone career in 1921 with the American 
lelephone and Telegraph Company’s de- 
department. 
There he engaged in transmission studies 
and the planning of new transmission de- 
velopments. He took a leading part in the 
planning of the coaxial system, and made 
important contributions to the standardi- 
zation of carrier system frequency alloca- 
tions. After the merger of the company’s 
development and _ research department 
with Bell Telephone Laboratories in 1934, 
Mr. Green continued his transmission 
planning activities at the Laboratories. 
As the United States moved into World 
War II, he took over broad responsibili- 
ties for the development of apparatus, 
mostly in the microwave range, for the 
testing of radar systems. Following the 
war, Mr. Green returned to transmission 
work for the Bell System and served suc- 
cessively as assistant director of transmis- 


velopment and_ research 


sion development and as director of trans- 
mission apparatus development. In 1953, 
he was appointed director of military 
communications systems, with broad _ re- 
sponsibilities for both planning and devel- 
opment work in that area. He became 
engineering, in 
1955, and for the next 314 years headed 
that part of the Laboratories organization 
engaged in the systematic analysis and 
planning for future developments. Mr. 
Green assumed the post of executive vice- 
president in 1959. He is an AIEE director 
(1959-63) and has served on the following 
AIEE Committees: Planning and Co- 
ordination (1952-60); Publications (1957- 
60); Education (1958-60); Finance (1959-61); 
Edison Medal (1959-61); Communication 
Division (1959-60); Executive Committee 


vice-president, systems 


Fabian Bachrach 
E. |. Green 
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(1960-61); Instruments and Measurements 
(1942-50, chairman 1947-49); Science and 
Electronics Division (1950-54, chairman 
1950-52); and Award of Institute Prizes 
(1952-56, chairman 1952-54). 


E. A. Guillemin (AM ‘24, F °51), Web- 
ster professor of electrical engineering of 
the Massachusetts Institute of Technology, 
has been named vice-president and di- 
rector of research of Burnell & Co., Inc., 
Pelham Manor, N. Y. 


H. B. Hansteen (AM ’26, F °51), who is 
on leave from his position as professor 
of electrical engineering at the City Col- 
lege of New York, has been placed in 
charge of the Fellowship Program of the 
International Atomic Energy Agency for 
the next 2 years, with headquarters in 
Vienna. The Fellowship Program, sup- 
ported by 76 United Nations members, 
established its headquarters in Vienna in 
1957. His address is: c/o Internationa! 
Atomic Energy Agency, Kaerntnerring, 
Vienna I, Austria. Prof. Hansteen is a 
member of the AIEE Board of Examiners 
(1957-61). 


W. L. Healy (AM °51, M '57) of Drexel 
Hill, Pa., has been appointed staff engi 
neer of the American Standards Associa 
tion to work exclusively in the preparation 
of standards for the Bureau of Ships. Mr 
Healy was formerly employed by the Gen- 
eral Electric Company from which he re- 
tired in November. 


M. fj. Joncich (AM °51), general sales man- 
ager of Datex Corporation, Monrovia, 
Calif., has been elected vice-president. Mr. 
Joncich has been with Datex since 1953. 


M. H. Kebby (AM '55), formerly commer- 
cial products chief engineer of Lenkurt 
Electric Company, Inc., San Carlos, Calif., 
has been named project manager of a 
new group formed to spearhead a stepped 
up microwave products development pro- 
gram. Also assigned to this group as a 
project leader is M. E. Ferguson (AM '56) 


T. A. Kenny (M ’50) has been appointed 
instrumentation consultant of Curtiss- 
Wright Corporation, Princeton, N. J. He 
has taken over the application and sale of 
Curtiss-Wright recording instruments in 
the Greater New York area. He had 
served as product representative for Es- 
terline-Angus in the New York area. 


Y. H. Ku (F °45) was re-elected a member 
of the General Assembly of the Interna- 
tional Union of Theoretical and Applied 
Mechanics, Paris, for the years 1960-64. 
His new book, entitled “Transient Circuit 
Analysis,” will be published by D. Van 
Nostrand Company, Princeton, N. J., in 
the Spring of 1961. 


F. E. Kulman (AM °30, M °39), senior en- 
gineer with Consolidated Edison Company 
of New York, Inc., has been elected to the 
board of directors, National Association 
of Corrosion Engineers, for a 3-year term. 


D. C. Kyker, Jr. (AM 54), electric utility 
sales representative for the General Elec- 
tric Company in Atlanta, Ga., has received 
the Carter L. Redd Award for “outstand- 
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ing human and professional contributions 
and unselfish service to his associates and 
the company.” The award consisted of a 
certificate and three shares of General 
Electric stock. 


S. P. Lapin (AM ‘48, M °57) has been ap 
pointed director of the Industrial Prod 
ucts of Adler Electronics Inc., New Ro- 
chelle, N. Y. He joined Adler early in 
1960 as assistant to the president. W. M. 
Mannel (AM 54), formerly project man- 
ager of the International Standard Elec 
tric Company, now directs the newly 
opened office of Adler Electronics in As- 
bury Park, N. Jf., to service Fort Mon- 
mouth and the Philadelphia area. 


G. E. Lewis (AM °50), former manager of 
marketing, has become manager of engi- 
neering at the General Electric Company’s 
High Voltage Specialty Transformer Sec- 
tion, Holyoke, Mass. 8. T. Maunder (AM 
25, M °34), former manager of engineer- 
ing, is now advanced engineering con- 
sultant. M. I. Alimansky (AM °45, M '50), 
section general manager, has assumed the 
additional job of acting manager of mar- 
keting 


Changes in organization in the electric 
department of the Public Service Electric 
and Gas Company, Newark, N. J., are as 
follows: F. P. Librizzi (AM °44), formerly 
chief electrician, Essex Generating Station, 
Newark, has been named master mechan- 
ic, Marion Generating Station. W. H. Van 
Zee (AM '41), previously engineer, elec- 
tric distribution department, has become 
senior engineer, General Office. Mr. Van 
Zee has served on the AIEE Power Sys- 
tem Communications Committee (1960- 
61). H. W. Grissler (AM °46, M’ 56), previ- 
ously assistant to the electrical engineer, 
electric engineering department, has been 
named assistant electrical engineer, Gen- 
eral Office. R. A. Huse (AM ’40, M '51), 
formerly senior engineer, electric engi- 
neering department, has been named as- 
sistant to the electrical engineer, General 
Office. Paul Barth (AM °53), formerly en- 
gineer, electric engineering department, 
has been named senior engineer, General 
Office. 


D. C. Luce (AM ’36, F 49), president, Pub- 
lic Service Electric and Gas Company, 
and W. O. Turner (AM '31, M 51), 
chairman of the board, Louisiana Power 
& Light Company, are among the com- 
mittee members appointed to guide the 
newly established Research Division of 
the Edison Electric Institute. 


Harold Lyons (M '47) has joined the staff 
of Electro-Optical Systems, Inc., as a vice 
president and will manage the company’s 
newly formed Quantum Electronics Di- 
vision. In his new position, Dr. Lyons 
will be responsible for extending present 
company capabilities in the field of co- 
herent light, with particular emphasis 
upon development of masers, lasers, and 
irasers. He was formerly head of the 
atomic physics department and senior sci- 
entist at Hughes Research Laboratories. 


Jesse Marsten (AM ’26, M '50), senior 


vice-president of International Resistance 
Company, retired December 31, 5 months 
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after marking his 30th anniversary with 
the company. In recent years, Mr. Marsten 
was in charge of the firm’s foreign opera- 
tions and affiliates. His other positions 
with the company have included research 
and engineering, contract administration, 
and supervision of patents. 


J. V. McGuire (AM '47, M °59) has been 
appointed general manager of the Allis- 
Chalmers Manufacturing Company's 
Pittsburgh Works. He succeeds D. A. 
Griffith (AM °39, M °49), who had served 
in the post since 1954. 


R. C. Mildner (AM ’°34), former chief 
technical officer of Telegraph Construc- 
tion and Maintenance Company, Ltd., of 
Greenwich, England, has joined the plas- 
tics department of the Dow Chemical 
Company as a_ technical specialist in 
dielectric insulation for power and com- 
munication cables. 


Sid Mitwol (AM ’49) has been appointed 
vice-president of the Meaker Company, 
a subsidiary of Sel-Rex Corporation, Nut- 
ley, N. J. Mr. Mitwol, who has been gen- 
eral manager, Rectifier Division, for the 
past year, will continue in this function 
as vice-president and general manager, 
Electrical Division, Meaker Company. 


R. W. Olmsted (AM 752) has been pro- 
moted to vice-president of marketing at 
Magnetics Inc. He started at Magnetics in 
1953 as a sales engineer. 


R. E. Othmer (AM '51) has been ap- 
pointed an engineering section head of 
FXR, Inc., Woodside, N. Y. He will di- 
rect development of electronics test equip- 
ment for microwave measurement. He did 
similar work for Narda Microwave Corpo- 
ration. 


M. F. Peters (M °44) has been appointed 
director of the accelerated Research and 
Development program of Breeze Corpora- 
tions, Inc., Union, N. J. 


W. L. Peterson (AM °38, M °46) has been 
appointed assistant manager of the motor 
and generator department and R. E,. Horn 
(AM °52) has been named acting manager 
of the regulator department of the Allis- 
Chalmers Manufacturing Company’s 
Power Equipment Division. Mr. Horn has 
served on the AIEE Aero-Space_Instru- 
ments Committee (1957-61). 


H. F. Pierce (AM ’39, M ’49), a member 
of the firm of Maurice H. Connell & 
Associates, Miami, Fla., has been _pre- 
sented with a citation from the U. S. 
Army Corps of Engineers for his vital 
work in the complex missile facilities at 
Cape Canaveral and Patrick Air Force 
Base. Mr. Pierce also has been nominated 
by the National Society of Professional 
Engineers to serve as vice-president of 
the Southeastern Area for the adminis- 
trative year which begins in July 1961. 
He has served on the AIEE Professional 
Conduct Committee (1957-61). 


Haraden Pratt (AM ‘15, F °37), engineer- 
ing consultant, and Ferdinand Hambur- 
ger, Jr. (AM '26, F °48), professor and 
chairman of the department of electrical 
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engineering, Johns Hopkins University, 
were re-elected to the offices of secre- 
tary and editor, respectively, by the Insti- 
tute of Radio Engineers’ Board of Direc- 
tors to serve on the Board in 1961 for a 
l-year term. Both officers also serve as 
directors. A. N. Goldsmith (M ’15, F ’20), 
consulting engineer and editor emeritus 
of IRE, was re-elected as director. Mr. 
Hamburger has served on the AIEE In- 
strumentation Division Committee (1956- 
61, chairman 1960-61) and Technical Op- 
erations Department Committee (1960-61). 


A. E. Pringle If (AM °36, M ’51) of Phila- 
delphia, Pa., president of the Pringle 
Electrical Manufacturing Company, was 
elected treasurer for the coming year of 
the National Electrical Manufacturers As- 
sociation at the 34th annual meeting of 
the association on November 17. He was 
also elected to the association’s Board of 
Governors for the term ending 1963. Ap- 
pointed to the Board of Governors fo 
l-year terms were: H. T. Brinton (AM 23, 
Member for Life), president, Phelps Dodge 
Copper Products Corporation, New York, 
N. Y., and E. & Ruth (M '36, F °45), 
director of engineering, Gamewell Com- 
pany, Newton Upper Falls, Mass. Mr. 
Pringle has served on the AIEE Industrial 
and Commercial Power Systems Committee 
(1952-61) and Standards Committee (1955- 
61). 


H. C. Reasoner (AM '53, M '59) has been 
named director of the Detroit Edison 
Company's general engineering depart- 
ment. S. W. Luther (AM ’48, M °54) has 
been promoted to assistant director, and 
K. H. MacLean (AM ’53), to chief of the 
System and Stations Division. Mr. Rea- 
soner and Mr. Luther joined Detroit 
Edison in 1928. Mr. MacLean came to 
Detroit Edison in 1927. 


H. P. Roberts (M °49) has been named 
general manager of the Siegler Corpo- 
ration’s Space System Technology Group, 
Inglewood, Calif. Before coming to Sieg- 
ler, Mr. Roberts was manager, test sup- 
port department, Systems Engineering 
Division, Space Technology Laboratories, 
Los Angeles, Calif. 


J. W. Robinson (AM °37, M 47), pres- 
ident and board member of Leeds & 
Northrup, Canada, Ltd., and a_ vice- 
president of the parent company, Leeds & 
Northrup Company of Philadelphia, Pa., 
has been appointed to the additional post 
of joint managing director of Leeds & 
Northrup, Ltd., Birmingham, England, 
and will make his headquarters there. 


R. C. Roe (AM ‘18, F °33, Member for 
Life), founder of Burns and Roe Inc. and 
its board chairman, has been named chair- 
man of the newly formed Brill Engineer- 
ing Corporation. K. A. Roe (M °55) has 
been elected vice-president of the corpora. 
tion. 


Mark Rosen (AM '58), formerly chief en- 
gineer at U. S. Relay-Electronics, has 
joined Datex Corporation, Monrovia, 
Calif., as development engineer. 


R. A. Rugge (AM '30, M °36) has been 
appointed director of engineering for 
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Kollsmin Instrument Corporation. Mr. 
Rugge will direct both the design and 
development programs and supervise the 
Engineering and Product Engineering 
Laboratories. Prior to his appointment 
with Kollsman, Mr. Rugge was vice-presi- 
dent and director of the W. L. Maxson 
Corporation. He has served on the AIEE 
Aero-Space Committee 
(1944-61). 


lransportation 


H. L. Schmidt (AM '58) has been ap 
pointed an engineer in the Plant Engi 
neering Division of Argonne National 
Laboratory, Argonne, Ill. In his new posi 
tion, he will be working on electrical 
design for the Experimental Breeder Re 
actor-II, now under construction at Argon- 
ne’s Idaho Falls, Idaho, site. Mr. Schmidt 
was formerly an electrical designer at the 
Pioneer Service & Engineering Company, 
Chicago, Il. 


Ted Shamshoian (AM °52) has joined the 
sales engineering staff of Luscombe En- 
gineering Company, Pasadena, Calif. 


L. P. Shelley (Arrit: 55), company vice 
president previously in charge of Federal 
Pacific’s plant operations in Santa Clara, 
Calif., will head the Western Manufac 
turing Group of the Federal Pacific Elec- 
tric Company. 


G. E. Spaulding, Jr. (AM ’54) has been 
elected to the newly created post of vice- 
president in charge of engineering opera- 
tions, Photo Products Division, Bell & 
Howell Company, Chicago, Ill. Mr. 
Spaulding was formerly associated with 
the Electric Autolite Company, Toledo, 
Ohio. 


R. C. Sprague, Jr. (M "40, F 49) has been 
promoted to senior vice-president, indus- 
trial relations, of Sprague Electric Com- 
pany, North. Adams, Mass. C. G. Killen, 
Jr. (AM °42) has been advanced to vice- 
president, industrial and military sales, of 
the company. Mr. Sprague was formerly 
director of industrial relations. Mr. Killen 
served as manager of field engineering for 
the last several years. 


I. M. Stein (AM ’'18, F °39, Member for 
Life), president of Leeds & Northrup Com- 
pany, Philadelphia, Pa., has been elected 
president of the Foundation for Instru- 
mentation Education & Research for the 
year 1961. Dr. Stein has served on the 
following AIEE Committees: Sections 
(1929-41, chairman 1933-36); Publication 
(1934-42, chairman 1936-40); Special Com- 
mittee to Revise Section Territory (chair- 
man 1935-37); Constitution and Bylaws 
(1938-46, chairman 1941-44); Lamme Medal 
(1941-44, 1957-60); and Collective Bargain- 
ing and Related Matters (Special Com- 
mittee 1944-48, chairman 1944-48). 


R. J. Stone (AM '52) has been named to 
the new position of research and de- 
velopment supervisor in the delay line 
section of Corning Glass Works, Corn- 


ing, N. Y. 


J. C. Strasbourger (AM ’31, M ‘40) has 
been elected president of the Lift-a-Loft 
Corporation, Muncie, Ind. Mr. Strasbour 
ger has served as vice-president of AIEE 
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“Oozlefinchling” Certificate Presented 


INDUCTED’ into the 
“Ancient and Honor- 
able Order of the 
Oozlefinch” was (left) 
H. A. Tynan (AM '50), 
electric system mana- 
ger of the San Anto- 
nio, Texas, City Public 
Service Board, at a re- 
ception held recentiy 
at the Fort Bliss Offi- 
cers Mess which con- 
cluded an orientation 
on the U. S. Army mis- 
sile program for select 
business and civic 
leaders from San An- 
tonio and southwest 
Texas. Mr. Tynan re- 
ceived congratuations 
and the "24-hour 
Oozlefinchling _ certifi- 
cate”’ from (right) 
Brig. Gen. S. M. Mell- 
nik, assistant com- 
mandant, Army = Air 
Defense School, Fort 
Bliss, Texas. The 12- 
man group which par- 
ticipated in the orien- 
tation were guests of 
Headquarters Fort Sam 
Houston. 

U.S. Army Photo 





District 2 (1951-53), director of District 
11 (1953-61), a member of the AIEE 
Board of Directors (1956-61), and the 
Planning and Co-ordination Committee 
(1960-61). 


Henry Swift (AM °54) has been appointed 
assistant director of the infrared labora- 
tory at Hughes Aircraft Company’s Santa 
Barbara Research Center. Dr. Swift has 
been a member of the center's technical 
staff for 4 years. 


Gordon Thompson (AM ‘12, F ‘46, Mem- 
ber for Life) has been named _ vice-pres- 
ident and technical director of Electrical 
Testing Laboratories, Inc., New York, 
N. Y. He was formerly vice-president and 
chief engineer. Mr. Thompson has served 
on the AIEE Board of Examiners (1948- 
61). E. H. Salter (AM ’23, F ’51, Member 
for Life), who succeeded Mr. Thompson 
as chief engineer, started at the labora- 
tories in 1924. R. J. Amorosi (AM ‘49), 
formerly president of Parameters, Inc., 
has been appointed assistant to the chief 
engineer of the laboratories. 


Cc. K. Titus (AM '57) of Baltimore, Md., 
has joined the staff of the Communica- 
tions and Data Processing Division of the 
Collins Radio Company. Mr. Titus was 
appointed manager of the _ scientific 
analysis and programming department. 
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A. C. Todd (M °54), a specialist in elec 
tronic instrumentation, has i~*>ed the 
Hallicrafters Company as director of ap- 
plied research for military products. Dr. 
Todd was previously a staff member at 
the Illinois Institute of Technology’s 
Armour Research Foundation. 


S. N. Vavoudis (AM '52) has joined United 
Aircraft Corporation’s Norden Division as 
supervisor of the environmental labora- 
tory. Mr. Vavoudis came to Norden from 
Itemlab Inc., Port Washington, L. L, 
where he was director of engineering. 


C. B. Wakeman (AM °53) has been named 
vice-president of research and development 
at Magnetics. Dr. Wakeman came to Mag 
netics as a research engineer in 1955. He 
has served on the AIEE Magnetic Ampli- 
fiers Committee (1957-61). 


E. A. Walker (AM '34, F '47), president of 
the Pennsylvania State University, has 
been elected to the Board of Directors, 
Melpar, Inc., a subsidiary of WABCO, of 
which Dr. Walker is a member of the 
Board of Directors. He has served as AIEE 
representative to the Engineers’ Council 
for Professional Development (1958-61). 


J. K. Walker (AM °58) has joined Pack- 


ard Bell Electronics Corporation as di- 
rector of product planning for the De 
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fense and Industrial Group. Mr. Walker 
was formerly director of marketing and 
engineering at General Precision Equip- 
ment Controls, Inc., and director of mar- 
keting at Librascope, both subsidiaries 
of General Precision Equipment Corpo- 
ration. 


H. A. Weber (AM ‘49, M 55) has been ap- 
pointed director, programming and Con- 
trol Division, in the Office of Manufac- 
Atomic Energy Commis- 
Albuquerque Operations Office, 
Albuquerque, N. Mex. The Plant Opera- 
tions Division, which Mr. Weber has di 


turing of the 


sion s 


rected since December 2, 1957, has been 


abolished. 


W. F. Wetmore (AM '36, F 755), director 
of the Detroit Edison Company’s general 
engineering department, has retired after 
33 years of service with the company. 
He started with Detroit Edison as an 
electrical engineer in 1928 and worked 
as system and stations engineer and chief 
electrical engineer before being named 
head of general engineering in 1954. 


H. A. Wheeler (F °46) of Great Neck has 
been appointed to the Department of De- 
Radar. Mr. 
Wheeler is a vice-president and director 
of Hazeltine Corporation, as well as presi- 
dent of Wheeler Laboratories, Inc. 


fense Advisory Group on 


F. G. Willey (AM ’38) has been appointed 
manager of infrared systems, Radio Cor- 
poration of America. Mr. Willey joined 
the engineering department of the Missile 
Electronics and Controls Division in 1959 
as manager, Subsystems Development. 
R. R. Wylie (M °46) has been elected a 
vice-president of the Sangamo Electric 
Company, Springfield, Ill. His present as 
signment is vice-president—manager of 
electronic products sales. He joined San 
gamo in 1957. R. C. Lanphier, Jr. (M °49) 
was named to a newly created senior vice- 
president office. Mr. Lanphier was ap- 
pointed director of sales in 1957. 


OBITUARIES 


Charles R. Hazard (AM ’°35), district man- 
ager for Line Material Industries at Port- 
land, Oreg., since 1935, died December 
20 at the age of 60. Born September 6, 
1900, in Clarence, lowa, he was educated 
at lowa State College where he received 
the B.S. degree in electrical engineering 
in 1924. Prior to his association with Line 
Material, he was employed by the Public 
Service Company of Northern Illinois for 
12 years. Mr. Hazard was a member of the 
Illuminating Engineering Society and the 
Electric Club of Oregon. 


John Vincent Lawless Hogan (AM ‘II, 
M °20, F ’54, Member for Life), inventor 
of single dial radio tuning and co-founder 
of radio station WOXR, died December 
29. Born February 14, 1890, in Philadel 
he attended the Sheffield Scien- 
tific School at Yale University during 


phia, Pa., 


1908-10, where he took honors in physics 


and mathematics. Mr. Hogan started to 


J. V. L. Hogan 


experiment with television in the 1920's 
Over an experimental frequency, W2XR, 
he began broadcasting a sound program in 
1928 to match a visual program. In 1936, 
he was joined by E. M. Sanger, and they 
organized the Interstate Broadcasting 
Company to operate W2XR as WQXR. 
When the New York Times purchased the 
station in 1944, Mr. Hogan continued to 
serve for the next 6 or 7 years in an ad- 
visory capacity, but his main interest was 
in the development of facsimile trans- 
mission over radio waves. He developed a 
radio facsimile machine that produced a 
f-column newspaper, with pictures and 
advertisements, at the rate of 500 words 
a minute. His career began in 1908 when 
he took a job as chief laboratory assistant 
to Dr. Lee de Forest, who had just in- 
vented the vacuum tube, the heart of mod- 
ern radio. When Dr. De Forest made the 
first grid audion, Mr. Hogan made the 
first quantitative study of the plate cur- 
rent characteristic of a grid triode. In 
1909, he was employed by the National 
Electric Signalling Company. Mr. Hogan 
was a co-founder of the Institute of Radio 
Engineers in 1912, effected through the 
consolidation of the Wireless Telegraph 
Engineers and the Wireless Institute. That 
year, he superintended the erection of the 
Bush Terminal Station in New York City. 
In 1913, he had charge of acceptance- 
test operations between the Navy’s first 
high-power station at Arlington, Va., and 
the U.S.S. Salem. In 1921, Mr. Hogan 
went into business for himself as a con- 
sulting engineer, and began a long series 
of experiments in television, FM radio, 
and facsimile transmission. During World 
War II, Mr. Hogan devoted himself to 
communications problems in conjunction 
with the National Defense Research Com- 
mittee, the Army Signal Corps, and the 
Army Air Forces. He also served as spe- 
cial assistant to Dr. Vannevar Bush, di- 
rector of the Office of Scientific Research 
and Development. In that period, he was 
principally concerned with radar, guided 
missiles, and the proximity fuse. After 
the war, he continued his experiments in 
facsimile transmission. 


Harry Prentice St. Clair (AM ’'22, M ’29, 
F ’44, Member for Life), retired consult- 
ing engineer for the American Electric 
Power Service Corporation of New York, 
died recently. He was born December 2, 
1895, in LaVerne, Calif. In 1920, he re- 
ceived the B.S. degree in electrical engi- 
neering from the California Institute of 
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Technology. Mr. St. Clair was employed 
by the General Electric Company during 
1920-24, until he joined the American 
Electric Power Service Corporation, then 
known as the American Gas and Electric 
Service Corporation, in 1924. An expert 
on high voltage transmission, he planned 
76,000 miles of power lines that serve 2,300 
communities in Indiana, Michigan, Ohio, 
Virginia, West Virginia, Kentucky, and 
Tennessee. 


Harvey William Sattler, Jr. (AM _ ’52), 
engineer in the Test and Energization 
Section of the Bonneville Power Adminis- 
tration, Portland, Oreg., died October 30. 
He was born September 7, 1927, in St. 
Louis, Mo. Prior to entering the U. §S. 
Army Corps of Engineers in 1945, he was 
employed by the American District Tele- 
graph Company and the Presstite Engi- 
neering Company. While in military serv- 
ice, he supervised the warehousing and 
installation of electric equipment at Fort 
Belvoir, Va. He graduated from Washing- 
ton University of St. Louis in 1951 with 
the B.S. degree in electrical engineering. 
In 1951, Mr. Sattler was employed in the 
Subsection Construction Section of the 
Bonneville Power Administration. While 
an office engineer and project engineer for 
the construction of new substations in this 
Section, he completed special training on 
welding and metal-joining, paint inspec- 
tion, and advanced concrete control. In 
1955, he was granted a joint award which 
pertained to the installation and mount- 
ing of lighting arrestors in feeder-type sub- 
stations. Since 1956, he had been with the 
Test and Energization Section of the 
Bonneville Power Administration where 
his work included the testing of oil cir- 
cuit breakers, transformers, and all other 
electric equipment used in substations. 


Erwin A. Wright (AM ’29, M ’59), assistant 
superintendent of the electrical depart- 
ment for the E. I. du Pont Company at 
the Savannah River Atomic Energy Plant, 
Aiken, S. C., died December 28, 1960. He 
was born October 5, 1901, in League City, 
Texas. During 1922-28, he was employed 
by the Gulf Production Company in 
Texas. For the next 6 years, he worked in 
Venezuela as an electrical superintendent 
for the Venezuelan Gulf Oil Company on 
Lake Maracaibo. Mr. Wright was em- 
ployed by Westinghouse Electric Inter- 
national Company in New York in 1937 
as supervisor of oil and mining industry 
sales. He joined du Pont in 1941 as an 
electrical superintendent at the Indiana 
Ordnance Works, Charleston, Ind., and 
held similar posts at the Alabama Ord- 
nance Works at Childersburg and _ the 
Kankakee Ordnance Works in_ Illinois. 
During World War II, he was an engineer 
in the Navy with the rank of lieutenant 
commander. Mr. Wright was an electrical 
engineer for the Reed Roller Bit Com- 
pany, Houston, Texas, during 1946-47. He 
was a regional engineer for Westinghouse 
Electric International in 1947-51 on pro- 
jects which include a Turkish Airport 
andthe Bi-Centenaire du 
Port-au-Prince in Haiti. In 1951, he was 
employed by du Pont at the Savannah 
River Plant in Aiken as an_ assistant 
superintendent in the electrical depart- 
ment. 


Exposician 
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OF CURRENT 
INTEREST 


RE-ENTRY BODY attached to separation cone atop the test stand ready 
for the Discoverer re-entry body drop test at Lockheed’s Santa Cruz Test 
Base. Note camera mounts on | beams. Cover photo shows re-entry 
body the instant following separation from the ejection cone. 


Camera Solves 


Discoverer Recovery Problems 


THE unprecedented speed with which 
the state of the art in the spacecraft 
and missile field is progressing has im- 
posed what amounts to an around-the- 
clock alert for all hands involved in the 
various United States defense programs. 
This is an “invent-to-order” business and, 
more often than not, demands “on-the- 
spot inventing and improvising” within 
tolerances unheard of in other industries. 

The companies who have been as- 
signed the responsibilities for developing 
the nation’s space and missile programs 
are operating at the very edge of man’s 
expanding knowledge and are constantly 





CLOSE-UP of camera installation on | beam 
projecting from test stand. 
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faced with unforeseen problems for which 
there are no precedents. With thousands 
of subsystems in each vehicle, these prob- 
lems have to be solved with what amounts 
to split-second timing to avoid a bottle- 
neck for the whole system. Moreover, the 
problem solving “ogre” has been ampli- 
fied many times by the acceleration of 
production schedules imposed by military 
requirements. 

Modern photographic techniques have 
played a major role in this fast-breaking 
game. A dramatic instance of this use of 
the camera as a tool of modern research 
is contained in the story behind the re- 
cent flight of Discoverer XIII involving 
the recovery of the first man-made object 
from orbit around the earth. 

The Agena satellite, developed and 
built by the Lockheed Missiles and Space 
Division, Sunnyvale, Calif., for use in the 
U.S. Air Force Discoverer and Midas 
programs, and the National Aeronautics 
and Space Administration (NASA) earth 
orbiting and far space probes, is without 
doubt the heaviest and most sophisticated 
all-purpose space vehicle in the free world 
today. It has been aptly called a “space 
truck,” because of its capability of being 
modified or especially instrumented to 
carry out virtually any space mission of 
the foreseeable future. 

As the Agena was progressively proved 
out in the Discoverer series, one of the 
primary capabilities that had been de- 
signed into the vehicle was approaching 
its turn at bat. During the first 11 flights 
of the Discoverer, basic vehicle design was 
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verified, certain problems were identified 
and solved, and system reliability on orbit 
established. Lockheed and the Air Force 
then selected Discoverer XIII as the sat- 
ellite that would be devoted to the all-out 
effort of proving the full capability of the 
system; precise polar orbit, attitude stabi- 
lization and control on orbit, response 
to ground and self-contained programmed 
control, and capsule ejection, re-entry, 
and recovery. 

The vehicle was heavily instrumented 
with a diagnostic payload that would 
monitor every aspect of the satellite’s per- 
formance. Previous flight data, however, 
indicated that trouble might be expected 
in the action of the re-entry body itself 
after separation from the Agena. To re- 
duce the likelihood of such an occurrence, 
it was decided to simulate the sequence 
of de-orbiting and re-entry by dropping 
a series of flight configuration capsules 
from a jury rig atop one of Lockheed’s 
static test stands at its remote test base 
in the Santa Cruz mountains, and fortify 
these findings with another series of tests 
on a specially designed and built air- 
hearing test bed. 

The Santa Cruz Test Base’s Photo- 
graphic Instrumentation Unit was handed 
the data-acquisition assignment. On only 
5 days’ notice, they had to rig the test 
area for photographic coverage from every 
angle and level. The product of their ef- 
forts was to provide calibrated photo- 
graphic coverage for base time reference 
of rocket ignition, burning times, spin 
rate, de-spin rate, residual spin rate, cap- 
sule attitude throughout free fall, and 
surveillance of the separation sequence. 
Accuracy of the film data had to hold 
to less than 1% error. 

Armed with the exact distance of free 
fall and a time schedule for the critical 
events, precise points in the drop path at 
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CAMERA LOCATIONS FOR 
CAPSULE DROP TESTS —~ 


@ Fastrax 


@)miiinen 
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which each event would occur were es- 
tablished. Two camera mounts were pre 
pared at each of these levels. Camera lo- 
cations were accurately pin-pointed by 
transit reading to assure that all cam 
eras involved in the test were equidis 
tant from the drop path and at the same 
angular separation. With similar accuracy 
all camera mounts were carefully leveled 
on two axes, 

This setup covered all programmed 
events, but left gaps in the coverage of 
the total flight path. It was assumed how- 
ever that any changes in the capsule’s 
attitude between these points would be 
linear and could be plotted as extensions 
of the curves taken at the moment of 
accelerating force 

In this connection, it should be noted 
that while the over-all accuracy had to be 
within the 1% tolerance, specific readings 
required more critical delineation -capsule 
attitude data had to be +0.25 degree, and 
spin rate +0.1 rpm 

Ihe co-ordination of the series of paired 
cameras proved extremely valuable in the 
final data reduction in that it allowed 
a single composit plot to be made for 
the whole drop without distortion due to 
different camera angles. Moreover, the 
paired-camera-type coverage provided ac- 
curate data on attitude change that could 
be plotted for any axis regardless of the 
capsule’s position 

Additionally, three cameras were mount- 
ed in the separation vehicle directly above 
the capsule’s drop path. These recorded 
the spin, de-spin, residual spin, and rocket 
burn rates. 

As back-up instrumentation for the 
paired cameras, two cameras were ground 
mounted below the impact point at the 
same angular separation and distance from 
the path. Back-up for the three spin-rate 
cameras was provided by a single ground 


234 


LOCKHEED Missiles and 
Space Division static 
test stand in the Santa 
Cruz Mountains, Calif., 
showing modifications 
and camera sights for 
the Discoverer re-entry 
body drop tests. 


mount located below the impact point. 

For over-all surveillance and third eche- 
lon back-up, two cameras were fitted with 
telephoto lenses and ground mounted 
some distance from the path and at the 
same angular separation as all other cam- 
eras. These last two were manual track- 
ing units. 

[he top pair of cameras were Fastax 
WF4's operating at approximately 4,000 
fps, the remaining paired cameras were 
Millikens. The two pairs immediately 


AIR BEARING test bed during actual opera- 
tion. The striped disc-shaped counter weight 
secured to the top of the bowling ball air 
bearing provided the photographers with an 
exact plot of axial deviations during test. 
The test vehicle showing reaction jets is 
rigidly suspended from the bottom of the 
bearing. 
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below the Fastax’s were operated at 200 
fps and the lower twa at 400 fps, provid- 
ing exposure times of | millisecond and 
0.5 millisecond, respectively. The track- 
ing camera operated at 64 fps. 

Color film was used in all cameras in 
this series of tests in order that the rocket 
ignitions and shutdowns could be readily 
recognized and the colored quadrants on 
the capsule itself be accurately charted. 
All cameras were equipped with timing 
lamps and a 17-digit binary code was fed 
onto one side of the film during operation. 
Sixty-pulse-per-second (pps) timing was 
recorded on the other side of the film as 
back-up. Thes« 
exact time calculations between cameras. 

Some 15,000 feet of film were exposed 
during the four drop tests. Because of the 
short lead time, film analyzer was not 
available, so data reduction presented 
something of a problem. Quick-look data 
was obtained by measuring projected im- 


timing codes provided 


ages and plotting the colored quadrants. 

The formal data was obtained by pro- 
jecting through a ground glass screen. 
Knowing that the frame line on the Mil- 
likens was well within acceptable toler- 
ances of true horizontal, a drafting ma- 
chine was mounted behind the screen to 
provide a cross-hair reference and a 90- 
degree angle was used to establish the 
vertical. 

By taking the center frame of the 
sequence showing the capsule passing 
through the field of view, an image was 
obtained that was on the optical center- 
line of the lens and an attitude point 
could be read without distortion. By ref- 
erence to the 17-digit timing, the match- 
ing frame from the opposing camera could 
be identified. Data thus obtained was 
plotted in terms of capsule angle of rota- 
tion vs. time, capsule spin rate vs. time, 
and capsule angle of deflection from true 
vertical vs. drop distance from point of 
separation. 

This complex test setup provided a 
high degree of reliability throughout all 
the tests, and the sum total of data ob- 
tained was highly satisfying. More im- 
portant, the predicted problems with the 
ejected capsule did present themselves. 
They were immediately identified and 
engineered out of the system. 

The second phase of the test was to 
obtain a continuous pictorial record of 
one specific sequence of events that could 
have a bearing on the capsule attitude 
throughout de-orbiting. This required a 
static test bed equipped with a virtually 
friction-free air bearing to support the 
counterbalanced capsule. 

Lockheed considers this ajr bearing 
mount a masterpiece of ingenuity which 
illustrates the type of inventive genius 
that has saved literally millions of dollars 
of the taxpayers money. To machine a 
spherical bearing would have been costly 
in both time and money. The Lockheed 
engineers’ answer was an ordinary bowl- 
ing ball. The bowling ball bearing was 
worked into the race with an ordinary 
abrasive compound and the result ap- 
proached perfection. A low-pressure air 
cushion was created between the ball and 
race by the introduction of compressed 
air through a series of small holes in the 
face of the bearing race. 

The test cone was suspended rigidly 


ELECTRICAL ENGINEERING 





from the bottom of the ball bearing and 
a counterweight fixed to the top. In this 
manner, the photographic unit was able 
to record the action of forces imparted 
to the capsule in a friction-free situation, 
yet have a static test bed. 

Two cameras \'ere mounted above this 
fixture to record the top of the counter- 
balance, which was painted with alternat- 
ing red and white stripes. One of these 
cameras used color film and the other 
black and white. Two cameras’ were 
mounted to the side, equidistant and at 
a 90-degree angle from the test vehicle. 
Directly beneath was a fourth camera 
focused upward to observe the vehicle 
deviations on its vertical axis. 

All cameras operated at 200 fps (expo- 
sure time—I millisecond) and recorded 
1,000-pps and 60-pps timing. Time corre- 
lation between cameras was accomplished 
by interrupting the 1,000 pps after the 
cameras were running. As back-up time 
reference, a flash bulb was fired by the 
same electric impulse that started the ac- 
tual test. The bulb was in the field of 
all cameras. 

fo provide a_ reference graph with 
which to compare actual test results, the 
test vehicle was tilted physically at 1- 
degree intervals and l-frame exposures 
made. This series was plotted on a pola 
plot and used as calibration for the tests. 

The actual test film was then projected 
onto this polar plot and the center point 
of the counterweight plotted for each 
frame. The resultant points, when con- 
nected by lines gave a graphic picture of 
deflection, rotation, and time intervals. 

To maintain tolerances in the air bear- 
ing, the tests were conducted in a tem- 
perature-controlled room. This critical 
temperature control necessitated the abso- 
lute minimum in radiant heating from 
light sources. This was accomplished by 
using a Color-Tran lighting system which 
allowed all lights to burn at a very low 
voltage until cameras reached speed and 
triggered the system to high intensity light. 

The air bearing tests were conducted 
on a frequency of one every 5 hours. Data 
from each test had to be processed for 
“quick look” before each succeeding test. 
For this reason black and white film with 
hand processing was used. EE 


Microminiature Timers 
Driven by Aspirin-Size Motor 


A Lilliputian motor is the power source 
for equally small elapsed time indicators 
and repeat cycle timers, The A. W. 
Haydon Company, Waterbury, Conn., 
manufacturers of the microminiature trio 
announced. 

Small enough to be hidden behind an 
ordinary thumbtack, the 115-volt 400-cps 
single-phase hysteresis-type motor meas- 
ures 3% inch in diameter by %, inch in 


length, and consumes less than 14 watt of 
power. The torque of the motor is rated 
at 1.5 X 10° hp (0.0005 ounce-inches), 
and its weight is given as 14, ounce. 
Company engineers stated that the 
motor would be especially useful for in- 
struments and computers, actuating selec- 
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tor switches, tape handling and _ process 
timing. 

The motor was specifically developed, 
however, to power a hermetically sealed 
repeat cycle timer measuring 14 by 1 by 
1 inch. Three roller switches in the timet 
are driven at | rpm by the motor, while 
the switches in the device are rated for 
7 amperes resistive at 28 volts d-c and 5 
amperes resistive and inductive at 115/230 
volts a-c, 60 cycles. 

Designed for repeated switch control 
functions where space and weight con- 
siderations are primary, the l-ounce timer 
can be used in airborne computers to 
pulse or program Circuits, or in any con- 
ventional timer application, as for ex- 
ample telemetering, programming of cir- 
cuits, or any application utilizing a time 
base. It is said to have an outstanding re- 
sistance to severe environmental condi- 
tions. 

The second device powered by the 
“fleapower” motor is the smallest practi- 
cal digital elapsed time indicator ever 
manufactured, according to the company. 
The 4-digit indicator measures only 
4 inch square by 1,4 inch long, and 
operates from a frequency of 400 cps. 
Weighing 34 ounce, the instrument comes 
in two models: one reading tenths of 
hours, and the other registering hours. 
Both employ 4-digit drum-type counters 
having a range of 999.9 and 9999 hours, 
respectively. The white numerals on a 
lusterless black background offer excellent 
readability—even at a glance—despite the 
tiny size, simplifying reading problems 
and eliminating errors associated with 
dial face indicators. EE 


TOP PHOTO: Trio of microminiature devices 
manufactured by The A. W. Haydon Com- 
pany: repeat cycle timer (left), motor (cen- 
ter), and digital elapsed time indicator 
(right). Bottom photo: Digits on the elapsed 
time indicator can be read much easier than 
conventional dial face indicators. 


Of Current Interest 











Future Meetings of Other Societies 


ISA, llth Annual Conference on Instru- 
mentation for the Iron & Steel Industry, 
Mar. 8-10, Roosevelt Hotel, Pittsburgh, 
Pa. R. R. Webster, Jones & Laughlin 
Steel Corp., Research Laboratory, 900 
Agnew Ave., Pittsburgh 30, Pa. 


2nd Symposium on Engineering Aspects 
of Magnetohydrodynamics, Mar. 9-10, 
University of Pennsylvania, Philadelphia, 
Pa. Institute of Radio Engineers, I. E. 
79th St., New York 21, N.Y 


3rd Annual Industry Missile and Space 
Conference, Mar. 10-12, Cobo Hall, De- 
troit, Mich. Michigan Aeronautics and 
Space Association, 901 Book Bldg., De- 
troit 26. 

ASME Aviation Conference, Mar. 12-16, 
Statler Hilton Hotel, Los Angeles, Calif. 
Ihe American Society of Mechanical En- 
gineers, 29 W. 39th St., New York 18, 
N.Y. 

National Association of Corrosion Engi- 
neers, Annual Conference & Corrosion 
Show, Mar. 13-17, Statler Hotel, Buffalo, 
N.Y. Air-Conditioning & Refrigeration 
Institute, 1346 Connecticut Ave., N.W., 
Washington 6, D.C. 


EIA, Spring Conference, Mar. 15-1 
Statler Hilton Hotel, Washington, D. C. 
Electronic Industries Association, 1721 
DeSales St., N.W., Washington 6, D.C. 
IRE, International Convention, Mar. 20- 
23, Waldorf-Astoria Hotel and New York 
Coliseum, New York, N.Y. Institute of 
Radio Engineers, | E. 79th St., New York 
N.Y. 


9) 


American Nuclear Society—North Texas 
Section, Symposium, Statler-Hilton Hotel, 
Mar. 28-29, Dallas, Texas. O. J. Du 
Temple, 86 E. Randolph St., Chicago 1, 
lil. 


PIB, Symposium on _ Electromagnetics 
and Fluid Dynamics of Gaseous Plasma, 
lith Annual International Symposium, 
Apr. 4-6, Auditorium of the Engineering 
Societies Building, 33 W. 39th St., New 
York 18, N.Y. Symposium Committee, 
Polytechnic Institute of Brooklyn, 55 
Johnson St., Brooklyn I, N.Y. 


ASTM, Symposium on Materials and 
Electron Device Processing, Apr. 5-7, 
Benjamin Franklin Hotel, Philadelphia, 
Pa., American Society for Testing Mate- 
rials, 1916 Race St., Philadelphia 3, Pa. 
Institute of Environmental Sciences, An- 
nual Meeting and Equipment Exposi- 
tion, Apr. 5-7, Sheraton Park Hotel, 
Washington 8, D. C. Same. P. O. Box 
191, Mt. Prospect, Il. 

Overseas 
10th Electrical Engineers Exhibition, 
Mar. 21-25, Earls Court, London. Elec- 
trical Engineers (ASEE) Exhibition Ltd., 
6 Museum House, 25 Museum St., Lon- 
don, W. C. 1, England. 


The Engineering, Marine, Welding & 
Nuclear Energy Exhibition, Apr. 20-May 
1, London. A. Seligman, 9 Malcolm Rd., 
London, S.W. 19, England. 


Ist International Television Festival, 
May 15-27, Montreux, Switzerland. Mark 
Associates International, 501 Madison 
Ave., New York 22, N.Y. 

IMEKO Conference, June 26-July 1, En- 
gineering Societies Building, Budapest, 
Hungarv. J. Johnston, Jr., President of 
ISSA, Dupont de Nemours, Wilmington 
98, Del. or IMEKO Secretariat, Budapest 
5, P.O.B. 3. 


United Nations Conference on New 
Sources of Energy, Aug. 21-31, Rome, 
Italy. A. G. Katzin, Executive Secretary, 
United Nations Conference on New 
Sources of Energy, United Nations, New 
York, N.Y. 


Rassegna Internazionale Elettronica, In- 
dustrial and Commercial Exhibit, Aug. 
21-31, Via della Scrofa 15, Rome, (Or- 
ganized by “Rassegna’—not United Na- 
tions or the Italian Government). Same. 
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Brightly Lighted Room Helps 
Unveil Mysteries of Plant Growth 


AT THE US. Department of Agriculture 
(USDA) research center, Beltsville, Md., 
is a basement room newly lighted to a 
higher level than normally is encoun 
tered by man except in bright sunshine. 
It is helping researchers unveil the mys 
teries of plant growth. 

“We don’t know how much light is 
needed for optimum plant growth,” said 
USDA Chief Physiologist H. A. Borth- 
wick, “but we do know that plants grown 
in this room are superior to those grown 
in our other rooms having lower light 
levels.” Other important factors include 
the color of light and the length of time 
plants are exposed to it. 

The new 9- by 16-foot room offers plant 
growth scientists up to three times as 
much light with which to experiment as 
exists in other plant growth rooms at the 
Beltsville Plant Industry Station. In early 
tests, scarlet sage seedlings flowered much 
faster than in other plant growth rooms 
and in greenhouses, according to Dr. 
Borthwick. 

lo get the high levels of light—initially 
5,000 footcandles, or more than 100 times 
as much as prevails in the average office 

government scientists selected as their 
chief light source General Electric’s 8 
foot-long Power Groove fluorescent lamps. 
Sixty-four of the lamps literally blanket 
the 7-foot-high ceiling. They are operated 


on a new circuit which assures maximum 
light output. 

The fluorescent tubes are supplemented 
by forty 100-watt incandescent bulbs. The 
ratio of incandescent to fluorescent light 
has a bearing on what a plant will do 
with respect to growth, according to Dr. 
Borthwick. He explained that recent ex- 
periments with these light sources con- 
tributed importantly to the discovery of a 
light-sensitive compound in all plants 
which controls their development. 

“Installation of plant growth rooms is 
proceeding at a tremendous rate,” Dr, 
Borthwick said. He pointed out that vir- 
tually every college and university, in 
addition to Department of Agriculture Re- 
search and Experiment Stations, is now 
either operating or planning one or more 
growth rooms. In some institutions ex- 
tensive installations (phytotrons) consist- 
ing of a number of growth rooms with 
elaborate controls, are planned or under 
construction. 

In addition, many industries are op- 
erating or planning growth rooms to test 
the growth chasacteristics of seeds and 
plants in various environmental condi- 
tions, the effectiveness of fertilizers, weed 
killers, anti-insect chemicals, disease in- 
hibitors, and others. 

Besides the larger rooms, thousands of 
lighted commercial and home-made 


MORE AND BETTER FOOD, flowers, and fiber for industry are expected to result from experi- 
ments conducted by government scientists in one of the world’s most brightly lighted plant 
growth rooms. Literally blanketing the ceiling, General Electric Power Groove fivorescent lamps, 
with 100-watt incandescent bulbs, provide more than 100 times as much light as exists in the 
average office. Here Dr. H. A. Borthwick, chief physiologist at the U.S. Department of Agricul- 
ture’s Plant Industry Station, Beltsville, Md., inspects a plant after a test which showed faster 
growth in the new room than in less brightly lighted rooms or in nature. 
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growth chambers and cabinets are used 
by organizations and hobbyists. 

What is exciting plant physiologists to- 
day is the possibility that they now have 
the key to a man’s complete control of 
plant growth from seed germination 
through plant flowering and fruiting. Dis- 
covery of the triggering mechanism for 
plant development is hailed by the De- 
partment of Agriculture as one of the 
most important research achievements 
in 25 years. 

A light-sensitive substance in plants, 
determined to be two forms of a blue pig- 
ment which exists in plants in amounts 
of one part in a million, has been found 
to control plant growth responses. 

The two forms of the pigment, ac- 
cording to Dr. Borthwick, act as valves 
which open or close according to the kind 
of light they receive. Further research will 
be aimed at isolating, purifying, and 
identifying the growth-triggering  sub- 
stances. 

Scientists first determined the presence 
of such a compound when they studied 
the effect of different colors of light on 
plant responses. They found that red light 
prevents flowering of some kinds of plants, 
promotes flowering of others, and reduces 
stem elongation. It also promotes the ger- 
mination of seeds and production of red 
coloring in plant parts. 

Each effect of the red light, however, 
is nullified or reversed by exposure to 
“far-red” light. Far-red is the short wave 
length of the infrared spectrum, It im- 
mediately adjoins the red part of the 
visible spectrum. Incandescent lamps emit 
far-red light in large quantities. 

The scientists verified the presence of 
the pigment by examining plant juice 
under a spectrophotometer. After the ex- 
tract was first irradiated with red, the 
spectrophotometer indicated high  ab- 
sorption in the far-red, and after strong 
irradiation with far-red the region of ab- 
sorption shifted back to the red. 

Exposure of seeds, fruit, and plants to 
red and far-red light in plant growth 
chambers has caused responses as follows: 


Germination: Exposure of lettuce seeds 
to far-red light for 16 minutes inhibited 
germination, but irradiation with red 
light caused rapid germination. 

Coloring: Apples kept in the dark re- 
mained green, but those exposed to fluo- 
rescent light, which contains a red com- 
ponent, became bright red. 

Elongation: Three bean plants received 
eight hours of daylight each day. One 
which also received a 5-minute daily ex- 
posure to elongation-promoting far-red 
light just after the beginning of each 
dark period far outstripped the othe 
two in growth. One of these received no 
artificial light, and the other 5 minutes 
of far-red followed by a 5-minute expos- 
ure to elongation-suppressing red light, 
which counteracted the effect of the far- 
red. 

Flowering: Eight hours of daylight were 
received each day by three petunias. One 
which got eight additional hours of in- 
candescent light (a mixture of red and 
far-red) flowered, while that which was 
given an additional 8 hours of fluorescent 
(red) light developed buds which flowered 
only after considerable delay. The plant 
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which got only 8 hours of daylight showed 
the least development. 

The period of time a plant is exposed 
to light has an important effect on its 
growth response. Lobolly pine trees, for 
example, grow six times as fast as nor- 
mally when exposed to light 4 hours a 
day. On the other hand, only 0.0001 sec- 
ond of light causes lettuce seeds to ger- 
minate, 

It is the duration of darkness rather 
than light that controls flowering, accord- 
ing to Dr. Borthwick. Some plants, such 
as poinsettia, hemp, millet, and chrys- 
anthemum, need long daily dark periods 
for flowering. Short-night plants, such as 
wheat, barley, rye, beet, spinach, and 
certain summer-flowering 
flower only when daily dark periods are 
short. 

Ordinarily, the day-length of a region 
cannot be changed to fit the needs of a 
field crop. However, experiments in plant 
growth rooms have helped in the selec- 
tion of the proper crop or crop variety 
to fit the region. For example, nine dis 


weeds, can 


tinct groups of soybeans are used in this 
country, each adapted to a cross-country 
belt about 100 miles wide. The Biloxi 
variety thrives along the Gulf Coast, but 
does not do so well 300 miles farther north 
in Arkansas. 

In breeding a new variety of plant, it 
must be carried through several genera- 
tions. Because a plant growth room pro- 
vides freedom from day-night and _ sea- 
sonal cycles, scientists are able to grow as 
many as six generations of some kinds of 
plants yearly, thus speeding up the de 
velopment of special strains. This is in 
contrast to one generation in nature. 

Best-known use of light to control 
flowering is that employed by the chrys- 
anthemum industry. Chrysanthemums nor- 
mally flower in the late summer, but thei 
flowering often is delayed intentionally 
by growers who provide a few hours of 
light during the night. Similar techniques 
are used by growers of poinsettia plants, 
which respond to only a few minutes of 


light. EE 


First Photos Released of 


Data Displays for Missile Ships 


The U. S. Navy and Hughes Aircraft 
Company recently released the first photos 
of unique new battle data display con- 
soles which provide for the first time a 
quick graphic picture of a fleet task force’s 
entire tactical situation or any part of it 
as needed. 

They will be installed in the Navy’s 
most modern aircraft carriers and missile 
armed ships as part of the Naval Tactical 
Data System (NTDS), the announcement 
said. 

The display consoles, manufactured by 
Hughes’ ground systems group, Fullerton, 
Calif., were said to “plainly show the po 
sitions of airborne, surface and submarine 
targets.” 

“The displays will make it possible for 
key command personnel of a vessel to 
comprehend the immediate tactical situa- 
tion, enabling them to concentrate their 
judgment upon the jobs of controlling 
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OLD, SLOW  grease- 
pencil method of plot- 
ting aircraft seen in 
upper portion of photo 
contrasts sharply with 
new U. S. Navy dis- 
play console in fore- 
ground, Developed by 
the Hughes Aircraft 
Company's ground sys- 
tems group at Fuller- 
ton, Calif., the con- 
soles display graphic- 
ally all aspects of 
aerial, sea-surface, and 
submarine warfare for 
combatant ships within 
a fleet task force. Soon 
to be installed in ships 
of the U. S$. Navy, 
NTDS will eliminate 
human error and de- 
lays which often 
plagued the old sys- 
tem and will provide 
lightning-fast battle in- 
telligence at a central 
point aboard each ship 
where prompt counter- 
action may be _initi- 
ated. 


the ship, assigning the weapons and co- 
ordinating the fleet task force operations,” 
C. H. Brubaker, Hughes vice-president, 
said. 

Under a contract with the Bureau of 
Ships, Hughes developed an experimental 
data display group for installation at the 
Navy Electronics Laboratory at San Diego, 
Calif., where extensive tests demonstrated 
its system capabilities for the NTDS. The 
company is now building five service test 
shipboard display systems. EE 


Motion-Picture Projector 
For Use in Commercial Aircraft 


A remote-controlled 16mm sound mo- 
tion-picture projector to be used in a 
commercial aircraft has been developed 
by the Reevesound Co., Inc., a subsidiary 
of Reeves Soundcraft Corp. (AMEX). The 
new motion-picture system was designed 
for Inflight Motion Pictures, Inc., to be 
used by major transcontinental and inter- 
continental airlines for airborne presenta- 
tion of prerelease feature pictures. Each 
program is to run from 114 to 2 hours. 

The first prototype system was devel- 
oped to operate in Boeing 707 Jets. The 
first installation has been made in an in- 
tercontinental 707 Jet operated by TWA. 
In order to meet the space and weight 
problems in the jet plane, Reevesound de- 
veloped a transistorized sound system for 
motion-picture projection. The equipment 
is contained within the structure of the 
plane so that its presence will not be 
apparent to the passengers. When the 
flight hostess is ready for the film showing, 
she will make an announcement to the 
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passengers over the public address system 
and will distribute small, lightweight 
headsets which each passenger will plug 
into a receptacle inconspicuously mounted 
on his seat. The flight engineer starts the 
movie which runs until completion and 
then shuts itself off automatically. Privacy 
is maintained because the sound is dis 
tributed individually by wire. 

For the convenience and safety of pas- 
sengers, Reevesound Co. has provided an 
electric interlock system which permits 
the captain and hostesses to address all 
passengers during the showing. Those who 
are not listening to the movie sound will 
hear the message over the standard public 
address system. Those who are listening 
to the movie will have the sound track in- 
terrupted and will hear the flight an- 
nouncement through their headsets. EE 


NBS Scientists 
“Listen” to Earth’s “Pulse” 


Using a sensitive antenna wrapped 
with miles of fine, hair-like copper wire, 
scientists at the National Bureau of 
Standards intend to “listen” to the earth’s 
“pulse.” 

One hundred and thirty miles of thin, 
nylon-coated copper wire is being wound 
on a loop only 6 feet in diameter to make 
an antenna sensitive enough to respond 
to faint, low-frequency electromagnetic 
waves or micropulsations which e 
a world-wide basis. The signals which the 
loop antenna will receive below 20 cycles 
per second are principally oscillations of 
from 5- to 30-second periods. These mi- 
cropulsations have been known to the 





scientific world since 1861, but little is 
understood about their origin or why the 
oscillations occur as they do. It is known 
that the signals are much stronger in the 
auroral zones and that they are probably 
associated with the influx of primary elec 
trons into the ionosphere after the occur- 
rence of solar storms 

Actually, eight of the sensitive loop 
antennas are in the 
wound at NBS’ Boulder Laboratory. One 
will be placed in the Boulder vicinity and 
another will be situated at Huancayo, 
Peru, to facilitate the study of micro- 
pulsations which is being made under the 
direction of Dr. W. H. Campbell of the 
Low Frequency and Very Low Frequency 
Research Ionosphere Research 
and Propagation Division. The other six 


process of being 


Section 


antennas will be used in the future to 
equip two portable stations where re- 
search will be conducted to measure and 
define the direction of micropulsations 
over broad areas 

Ihe 130 miles of copper wire is wound 
on the rim of the loop in four separate 
channels. Then the copper wire is cov- 
ered by a layer of copper screening, and 
finally the whole antenna is coated with 
Fiberglas to waterproof it. This is neces- 
sary since the antenna will be buried in 
the earth to prevent interference from 
wind action, 

Although the antennas will be used 
primarily in the study of micropulsations, 
they will also be of value in the study of 
two other types of electromagnetic waves 

extra low-frequency sferics, which orig 
inate from lightning discharges, and | 
to 3-minute giant pulsations which are 
thought to be caused by the resonation of 
the outer atmosphere when bombarded 
by charged particles from the sun. 

Information gained through the use of 
these loop antennas will aid in the under- 
standing of the complicated solar-terres 


trial relationship. EE 


New Electronic 


Imaging Tube To Study Space 


A new electronic imaging tube, placed 
on a vehicle in space, will enable scien- 
tists to learn more about the stars and the 
depths of interstellar space. Developed by 
scientists at the Westinghouse Research 
Laboratories, the tube is sensitive to the 
short wave length ultraviolet light rays 
that are emitted by celestial bodies but 
never reach the surface of the earth since 
they are screened by the atmosphere. 

Called the Uvicon, the new ultraviolet- 
sensitive tube was developed for the Astro- 
physical Observatory of the Smithsonian 
Institution, Cambridge, Mass., for the Ob- 
servatory’s Project Celescope. 

A description of the tube and its ap- 
plication was given by A. E. Anderson, 
manager of the Westinghouse applied 
physics department, and Dr. R. J. Davis, 
Smithsonian astrophysicist in charge of 
Project Celescope. 

Project Celescope, Dr. Davis said, is one 
of several experiments planned to be 
launched in the National Aeronautics and 
Space Administration’s (NASA) orbiting 
astronomical observatory program. NASA 
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A. E. Anderson, manager of the applied 
physics department of the Westinghouse re- 
search laboratories, installs in a television 
camera a new electronic imaging tube, the 
Uvicon. Operating on ultraviolet radiation 
that is normally screened by the atmosphere 
and never reaches the earth's surface, the 
new tube is the heart of an electronic tele- 
scope that will be fired into space, and 
eventually placed into orbit aboard a satel- 
lite observatory. 


has announced that the first of the orbit- 
ing observatories is planned for 1963. 

“NASA will launch a series of rockets 
from its Wallops Station, Va., site, em- 
ploying the Aerobee-Hi rocket, to place 
the Uvicon and its associated electronic 
equipment well beyond the absorbing por- 
tion of the earth’s atmosphere,” Dr. Davis 
explained. “The purpose is to sample the 
strength and nature of the ultraviolet ra- 
diations we will encounter and to get pre- 
liminary data on the performance of the 
entire Project Celescope electronic tele- 
scope system.” 

Essentially, this telescope consists of 
three components: (1) an optical arrange 
ment to form the ultraviolet images; (2) 
a Uvicon pick-up tube and its associated 
circuitry, which constitute a_ television 
camera that responds to the ultraviolet 
images and converts them into electric sig- 
nals; and (3) a transmitter to broadcast 
these signals back down to earth. Thus, 
in television fashion, scientists hope to get 
a picture of the stars and interstellar space 
that always has been screened from man’s 
vision. 

Che ultraviolet telescope package will 
go into the nose cone of an Aerobee-Hi 
rocket, which will take it to an altitude 
of about 150 miles. The useful portion 
of the flight will be the 5 minutes spent 
above an altitude of 60 miles, which is 
the height at which the ultraviolet radia- 
tions of interest cease to be absorbed. At 
this height the protective front portion 
of the nose cone will be jettisoned and 
the telescope exposed to the skies. 

Information on brightness of stars will 
be telemetered to electronic storage equip- 
ment on the ground for final analysis of 
stellar magnitudes. In addition, the pres- 
ence of sources of ultraviolet radiation in 
interstellar space will be recorded. 
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Mr. Anderson described the Uvicon as 
an extremely sensitive image tube operat- 
ing in the range from 1,200 to 2,000 
Angstroms. The tube is about 2 inches in 
diameter, 12 inches long, and weighs about 
8 ounces. 

In operation, the Uvicon receives an 
ultraviolet image through a special win- 
dow, made of lithium fluoride, mounted 
at the input end of the tube. The back 
surface of the window is coated with a 
photo-emitting material that releases elec- 
trons when the ultraviolet image strikes it. 
These electrons are accelerated by 15,000 
volts toward the rear end of the tube, 
where they strike a thin film or target. 

The impact of the electrons on the tar- 
get causes it to take on an amplified elec 
tric charge in the exact pattern of the 
ultraviolet image. The next step is to read 
off this charge as an electric signal and 
thus reproduce the image electrically. This 
is done by scanning the rear surface of the 
target with a beam of electrons, much as 
an electron beam scans the viewing end 
of a television picture tube. In the Uvicon, 
however, the product of the scanning is 
an electrical “image” that can be ampli- 
fied and broadcast rather than a visual 
image that can be seen directly. The over- 
all technique is known as electron bom 
bardment induced conductivity. EE 


Glass Piping 
For Shock Wave Tests 


Head-on collision of two shock waves 
traveling 80 times faster than sound has 
been achieved in a hydromagnetic tube 
made of glass. 

Boeing Airplane Company scientists 
developed this unusual use for glass piping 
in a study of high-temperature gases. The 
tests are being conducted at the Boeing 
Scientific Research Laboratories, Seattle, 
Wash. 

The glass tube, manufactured by Corn- 
ing Glass Works, is 12 feet long and 6 
inches in diameter. Boeing scientists be- 
lieve it is the largest tube ever used in an 
experiment of this kind. 

Because the tube is transparent, still 
photographs can be taken of the colliding 
shock waves. At impact, the Pyrex piping 
is brightly illuminated. 

The naked eye catches only a brief flash, 
but the camera with shutter left open in a 
darkened room records the collision. The 
flash is accompanied by a loud report 
similar to an exploding firecracker. 

The experiment is part of a study of 
high-temperature gases being made by Dr. 
T. E. Turner, Dr. Joe Gauger and Dr. 
Victor Vali, members of the gas physics 
group in the Boeing Laboratories. 

Boeing explained that studies growing 
out of the shock tube program could have 
important results in the development of 
effective ion and plasma-propulsion  sys- 
tems. The tube, built by Boeing Scientific 
Research Laboratories scientists and tech- 
nicians, is expected to be useful in meas- 
uring temperatures of gases up to several 
million degrees. It also will be used in the 
study of microwave emission and energy 
loss through radiation. 

The shock waves are driven through the 
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glass piping by a surge of electric power 
equal to the output of four Grand Coulee 
Dams. The electric energy used to create 
the waves is stored in two 20-capacitoi 
banks rated at 20,000 volts with a com- 
bined peak power of between 2.5 and 5 
million kw. 

Once triggered, the shocks last only a 
few microseconds, but create a gas tem 
perature within the tube of approximately 
1 million degrees. 

Boeing said the thermal as well as the 
magnetic energy in the electric discharze 
creates shock waves which initially race 
along at 300 times the speed of sound 
After traveling about 60 inches toward the 
center of the tube, however, both shock 
waves are “slowed” to about 80 times the 
speed of sound—still more than two dozen 
times the speed of a rifle bullet. 

rhrough the glass, the velocity of the 
shock waves and spectra of radiation from 
the gas are recorded with a high-speed 
rotating mirror camera. Boeing also is 
using a new vacuum ultraviolet grating 
spectrograph—a device for separating light 
into its components—to evaluate the data. 

The glass piping used in these experi- 
ments is made by Corning from the same 
borosilicate glass used for chemical and 
food processing lines, drainlines, and heat 
exchangers. EE 


South Atlantic 
Wood Pole Conference 


The Wood Products Department of the 
North Carolina School of Forestry will 
sponsor the South Atlantic Wood Pole 
Conference at Raleigh, N.C., April 5-6. 
The conference will be held in the Stu- 
dent Union on the campus of the North 
Carolina State College. 

A comprehensive 
technology and current information on 
the production, deterioration, preserva- 
tive treatment, purchasing, inspection, 
and maintenance of wood utility — poles 
will be presented. 

The conference is open to all inter 


program of basic 


ested persons. Those wishing to attend 
may obtain copies of the conference pro- 
gram and advance registration by writing 
to the Wood Products Extension Section, 
266 Kilgore Hall, North Carolina State 
College, Raleigh, N.C. EE 


Experimental Drilling to Test 


Equipment for Project Mohole 


Plans have been completed for an ex- 
perimental deep-sea drilling program be- 
ginning in March to test equipment and 
techniques for possible use in Project 
Mohole, it was announced recently by the 
National Science Foundation (NSF) and 
the National Academy of Sciences—Na- 
tional Research Council. 

The ultimate goal of Project Mohole 
is to drill through the earth’s crust under 
the ocean to determine the composition 
and physical properties of the crust and 
of the underlying rock known as the 
mantle. 


Marcu 1961 


SECTION of Pyrex 
Brand glass_ piping, 
manufactured by Corn- 
ing Glass Works, is be- 
ing used as industry's 
most powerful shock 
tube. Built by Boeing 
scientists, the tube cre- 
ates shock waves 
which begin at 300 
times the speed of 
sound and then collide 
in the tube at a 
“slowed” rate of 80 
times the speed of 
sound. Tube is used to 
help develop effective 
ion and plasma-pro- 
pulsion systems for use 
in space. 


\ test site for the experimental drilling 
has been chosen near Guadalupe Island, 
off the western coast of Mexico, in 12,000 
feet (about 2.3 miles) of water. Previous 
drilling has been confined to water depths 
of several hundred feet. 

\ contract for the test drilling has been 
awarded Global Marine Exploration Co., 
of Los Angeles, Calif., by the NSF, an 
independent agency of the Federal Gov- 
ernment. The program is under the tech- 
nical direction and scientific guidance of 
the AMSOC Committee of the Academy- 
Research Council, a private organization 
of scientists and engineers. 

rhe experimental drilling program was 
announced jointly by Dr. A. T. Water- 
man, director of the NSF and Dr. D. W. 
Bronk, president of the Academy-Research 
Council. 

Actual drilling of the Mohole depends 
upon the outcome of the experimental 
drilling, subsequent engineering and de- 
sign studies, and site surveys, and is not 
expected to begin for several years. 

Nearly all previous offshore drilling has 
been in water less than 100 feet deep, 
with the drilling platform standing on the 
ocean bottom. An anchored vessel has 
worked in water 400 feet deep and has 
drilled as far as 10,000 feet. 

In the current tests, drilling will be 
attempted with the unmoored ship hold- 
ing its position by means of four large 
outboard motors, in water roughly 30 
times deeper than the 400-foot depth. 

The actual Mohole must be drilled at 
sea through the thinner suboceanic crust 
because the crust under continents is too 
thick to be penetrated. The boundary 
between the crust and the denser material 
of the mantle is known as the Mohoro- 
vicic discontinuity (or Moho, for short), 
after the seismologist 
studies of earthquake waves first indi- 
cated its existence. 
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Beneath the continents, the crust of the 
earth has a thickness of about 15 to 20 
miles, being thickest under mountains, 
while the suboceanic crust may be as 
thin as 2.5 miles in some places. The 
eventual Mohole may be drilled in water 
as much as 18,000 feet deep (3.4 miles) 
into a thickness of about 15,000 feet of 
crustal rock, a total of about 32,000 feet 
(6 miles). The deepest hole drilled from 
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land is just over 25,000 feet (4.7 miles) 
in depth. 

rhe mantle extends down to a depth 
of about 3,000 miles and accounts for 
about 849% of the volume of the earth. 
Although 
erupt lava that probably originates in 
the mantle, lava is thought not to be 
characteristic of average mantle material. 
The material below the mantle is called 
the core, and may be nickel-iron. 

Drilling will be done by the standard 
rotary method used on land by the 
petroleum industry. A main objective of 
the drilling will be to confirm by actual 
test the elaborate engineering computa 
tions of the forces and stresses acting on 
the ship and the drill pipe, the determi- 
nation of optimum drill pipe rotation 
speed, and the amount of 
weight on the bit. All holes will be un 
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cased—that is, the only connection be- 
tween the ship and the sea floor will be 
the drill pipe itself. This means that 
once a bit has been withdrawn from the 
hole, the hole cannot be re-entered. 
Therefore, all sampling and measuring 
operations must be conducted by lower- 
ing tools and instruments through the 
drill pipe on a cable, or wire line. Dia- 
mond bits will be used in all holes be- 
cause both verv soft and very hard rocks 
will be encountered. 

Depending upon the success of the 
drilling and the depths which may be 
obtained, experiments will be conducted 
to record the physical properties of the 
sediments that have been _ penetrated. 
Data will be sought on electrical and heat 
conductivity; seismic velocity, or the 
speed at which the material will conduct 
seismic waves; and magnetic and gravity 
observations. 

If such measurements can be obtained, 
thev will have great scientific value in en- 
abling scientists to compare the data with 
that obtained previously by indirect 
means. 

Feasibility studies conducted by the 
AMSOC Committee with NSF support 
have indicated that the ship will be able 
to maintain position with the use of four 
diesel steering motors mounted at the 
corners of the ship. The ship’s position 
will be determined relative to a ring of 
four or five buoys anchored to the bottom 


239 





and held several hundred feet below the 
surface by taut lines. The design of the 
buoys is expected to minimize the offset 
caused by ocean currents. 

The buoys will be equipped with sonar 
transponders, or “pingers,” which respond 
to sound waves sent through the water by 
the ship in the middle of the circle. Elec- 
tronic equipment on the ship will trans- 
late the signals received into distance, 
and present this to the pilot so that he 
can maintain position in relation to the 
buoys. Ihe pilot will regulate the 
amount and direction of thrust of the 
steering motors through a central control 
to maintain the ship’s position over the 
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Computer-Designed 
Computer Announced 


Ihe first computer built from complete 
wiring information and parts lists fur- 
nished by another computer has been ship 
ped to Ascension Island, near the target 
area of the Atlantic Missile Range. The 
computer is to be used in connection with 
target tracking tests for Nike-Zeus, the 
U.S. Army’s antimissile defense system. 

Bell Telephone Laboratories engineers 
revealed recently that the entire logic net 
work of the digital computer, consisting 
of 47 subassemblies, had been built from 
wiring diagrams, assembly information, 
and parts lists produced by a specially pro 
grammed, general-purpose digital com 
puter. The Nike-Zeus computer was built 
by the Western Electric 
Burlington, N. ¢ prime contractor fo 
the Nike-Zeus system 

Che Bell Laboratories Automatic 
DEsign System, abbreviated BLADES, re 
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quired less than 25 minutes per subassem 
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bly to produce manufacturing information 
which would have consumed 4 man-weeks 
of manual effort with conventional draft 
ing methods. Use of the BLADE System 
can save thousands of man-weeks of time 
in the design of missile defense equipment 
and large sums in defense funds. 

In addition, manufacturing information 
can be converted into a control program 
for an automatic wiring machine, which 








would do the actual assembly work. Initial 
experiments on this aspect of the program 
are now underway, and results indicate 
that automatic wiring of the mechanically 
designed computer is feasible. This will, 
of course, result in additional substantial 
savings in time and money. 

Che first step in designing the computer 
was the synthesis of the logic network to 
the necessary functions. This network was 
then converted into a set of topologic 
equations, expressing both the topology 
and logic of the network, in computer 
language. (Topology involves the geo- 
metric aspects of the network; i.e., the 
position of each component and its rela 
tion to other components.) 

The general-purpose computer then 
used these topologic equations to produce 
sheets of instructions specifying the num 
ber of modular logic packages to be used 
in a subassembly. 

The instructions also specified the pins 
to be interconnected, the size and length 
of wire to be used in connecting them, 
and the wire paths to be followed for 
minimum path length. Any 
purpose logic packages to be used in a 


special- 


subassembly were also specified by the 
computer. 

After the wiring information sheets were 
completed, a complete parts list including 
logic packages, externally wired resistors 
and capacitors, and necessary wire was 
prepared. 

The majority of the logic packages in 
the Zeus computer are of a single general- 
purpose type. Any logic function can be 
performed anywhere on the subassembly 
by varying the interconnections among the 
packages. The module package contains 
four individual and independent logic 
switches which can be interconnected to 
form 2-, 3-, or 4-terminal logic gates, or 
flip-flop circuits. 

The computer being shipped uses about 
2,500 of these logic packages, plus about 
200 packages of other types in its 47 sub- 
assemblies. The BLADE System, as cur- 
rently designed, can handle up to 12 dif- 
ferent types of packages. 

Separate wiring instructions for power 
and signal wiring are provided. Also, 
power wiring is arranged so that no two 
successive logic functions are supplied by 
the same power bus. 


ASSEMBLED for testing 
and check-out prior to 
being shipped to As- 
Island = are 
some of the racks of 
equipment that make 
up the target track 
computer for the 
Army's Nike-Zeus anti- 
missile defense system. 
The computer—the first 
made from complete 
information furnished 
by another computer— 
was built by Western 
Electric. Design and 
development was done 
at Bell Telephone 
Laboratories. 
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NEW BOOKS 


The following new books are among those 
recently received at the Engineering Societies 
Library. Unless otherwise specified, books listed 
have been presented by the publishers. The 
Institute no resp ibility for state- 
ments made in the following summaries, infor- 
mation for which is taken from the prefaces 
of the books in question. 





THE ANTENNA. By L. Thourel. John Wiley 
and Sons, Inc., 440 Fourth Ave., New York 16, 
N. Y., 1960. 407 pages, 64% by 91% inches, 
bound. $12.50. Based on a course given at the 
Ecole Nationale de lAviation Civile, near 
Paris, this authorized translation is essentially 
a manual for use in planning an antenna sys- 
tem to specific requirements. In effect a review 
of world-wide modern antenna techniques, it 
avoids complicated mathematical arguments, 
though indicating clearly and concisely the 
calculations from which the practical formulas 
given were derived. The first two chapters dis- 
cuss antenna theory and the optics of electro- 
magnetic waves. In the remaining chapters 
numerous types of antennas are described, with 
extensive study of antennas for decimetric and 
centimetric waves, and short-wave antennas, 
particularly rhombics, and examination of re- 
lated concepts such as beamed transmission, 
radiation of apertures, electromagnetic horns, 
paraboloids, slot aerials, electromagnetic lens, 
transmission lines, and the circle diagram. 


BIBLIOGRAPHY AND ABSTRACTS ON 
ELECTRICAL CONTACTS, 1959 SUPPLE- 
MENT. Published as ASTM Special Technical 
Publication No. 56-N by the American Society 
for Testing Materials, 1916 Race St., Phila- 
delphia 3, Pa., 1960. 63 pages, 6 by 9 inches, 
paper. $3.50. This is the seventh annual sup- 
plement to a bibliography which now covers 
published material on the subject from 1835 
through 1959 (STP’s 56-G to 56-N inclusive). 
All include subject and author indexes, and 
annotated, fully cited items arranged chrono- 
logically by date of publication. The effects 
which take piace in the operation of electric 
contacts are very complicated, involving the 
microphysics of the electric arc, the metallurgy 
of the contact materials, the mechanics of the 
operating mechanisms, the physical and chem- 
ical properties of all materials, and the am- 
bient conditions. Limitation of ranges of titles 
and subject matter is a practical necessity, but 
all references of reasonable connection with 
the subject have been included. 


DIGITAL APPLICATIONS OF MAGNETIC 
DEVICES. Edited by A. Meyerhoff. John 
Wiley and Sons, Inc., 440 Fourth Ave., New 
York 16, N. Y., 1960. 604 pages, 6 by 9% 
inches, bound. $14. Both a text and a refer- 
ence handbook, this book describes the theory, 
electrical design, and logical design necessary 
for the development of digital systems using 
the magnetic core as the basic circuit element. 
Attention is concentrated on core-diode cir- 
cuits, but transistor-magnetic core combina- 
tions and other specialized data-handling cit 
cuits also are discussed. Specifically excluded 
are memories employing magnetic tapes and 
drums, other electromechanical devices involv- 
ing magnetic phenomena, and standard mag- 
netic amplifiers. 


ELECTRONIC CIRCUIT ANALYSIS, VOL- 
UME I: PASSIVE NETWORKS. By Phillip 
Cutler. McGraw-Hill Book Company, Inc., 330 
W. 42nd St., New York 36, N. Y., 1960. 454 
pages, 6 by 9% inches, bound. $8. Written 
in vecture style with extensive detail and solved 
and unsolved problems in order to be self 
teaching, this book is especially tailored to 
intermediate-level training in colleges and in 
dustrial training programs to bridge the gap 
between the engineer and the technician. ‘i he 
discussion covers passive networks from the 
standpoint of network analysis and theorems 
a-c fundamentals and circuit analysis, transient 
analysis, the analysis of inductively coupled 
circuits and investigation of transformer equiv 
alent circuits, and graphic analysis as applica- 
ble to nonlinear elements such as vacuum 
tubes and transistors. Future volumes will con- 
sider active networks in detail, and expand 
upon the analysis of passive networks, 
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ELEMENTS OF MASER THEORY. By A. A 
Vuylsicke. D. Van Nostrand Company, Inc. 
120 Alexander St., Princeton, N. J., 1960. 362 
pages, 64 by 9% inches, bound. $9.50. This 
is a basic guide to fundamental maser theory 
Part one contains a brief description of the 
Bohr quantum theory and of statistical me- 
chanics, forming a relatively complete though 
superficial survey of the basic phenomena re- 
sponsible for maser behavior. Part two (chap- 
ters 2 to 4) presents as much of the theory 
of quantum mechanics, statistical mechanics, 
and radiation theory as the author feels nec- 
essary for the understanding of the last section 
of the book, which is concerned directly with 
masers. In Part three (chapters 5 to 8) is 
found a theoretical treatment of the most basic 
and currently well understood features of ma- 
sers, omitting discussion of research in progress 
and such developments as optical and infrared 
masers, 


FORTSCHRITTE DER HOCHFREQUENZ.- 
TECHNIK. Edited by J. Zenneck and others. 
Akademische Verlagsesellschaft m.b.H., Frank- 
furt am Main, West Germany, 1960, 321 pages 
642 by 9 inches, bound. No price given. A 
group of eight articles review recent develop- 
ments in various areas of high-frequency tech- 
nology: scatter propagation, high-frequency 
transistors, fabrication techniques for high- 
frequency transistors, noise in semiconductors, 
fluctuation phenomena in the electron beam, 
delay lines for traveling-wave tubes and linear 
accelerators, properties of getters in electronic 
tubes, and a 2-year review of low- and very 
low-frequency propagation. Five articles are 
in English, three in German, with both Eng 
lish and German summaries and reference lists 
of English and German articles. 


TOP MANAGEMENT HANDBOOK. Edited 
by H. B. Maynard. McGraw-Hill Book Com- 
pany, Inc., 30 W. 42nd St., New York 36, 
N. Y., 1236 pages, 64% by 9% inches, bound. 
$17.50. This comprehensive collection of chap 
ters written by top managers, carefully selected 
to represent a cross-section of type and size 
of industry and plant, presents authoritative 
discussions of each facet of the task of man- 
aging, written from the standpoint of personal 
experience. The nature of the task is empha- 
sized, and such elements as gathering infor- 
mation, managing the research and develop- 
ment activity, managing the market activity, 
and building and retaining top management, 
are covered, The book includes short bio- 
graphical sketches of the authors, and will be 
of interest to managers, management students, 
and to those interested in the thoughts and 
activities of the leaders of industry. 


PRINCIPLES OF FEEDBACK CONTROL. 
By C. H. Wilts. Addison-Wesley Publishing 
Company, Inc., Reading, Mass., 271 pages, 6% 
by 9 inches, bound. $8.75. This treatment of 
some of the analytical methods used in the 
design of feedback systems, requiring a good 
background in ordinary differential equations 
and complex variable theory. Described by the 
author as “not suitable as a reference hand- 
book,”’ it is a study of the principles of feed- 
back control. Feedback systems are considered 
in the light of response and error functions, 
stability, compensation techniques and the 
concepts of root-locus and the Nyquist crite- 
rion. Multiple-loop, closed-loop, and sampled- 
data control systems are given particular atten- 
tion. The final chapter examines the use of the 
describing function in nonlinear analysis. 


THE RESEARCH REVOLUTION. By L. S. 
Silk. McGraw-Hill Book Company, Inc., 330 
W. 42nd St., New York 36, 1960. 244 pages, 
5¥2 by 8% inches, bound. $4.95. In his exam- 
ination of the growth potential and perform- 
ance of the American economy, Mr. Silk views 
industry's growing realization of the impor- 
tance of regular, systematic investment in 
scientific research and development as a new 
element in capital’s growth process. This is 
the ‘research revolution.” The author feels 
that continuous prosperity and healthy growth 
of the American economy increasingly depend 
on such investment, and illustrates how the 
“revolution” has worked in a major industry 
in the electronics field. An economist writing 
for wide distribution, Mr. Silk has condensed 
his material and avoided specialized terminol- 
ogy to the extent that the book may seem 
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Library Services 


ENGINEERING Societies Library books, 
except bibliographies, handbooks, and 
other reference publications, may be bor- 
rowed by mail by AIEE members for a 
small handling charge. The Library also 
prepares bibliographies, maintains search 
and translation services, and can supply 
a photoprint or a microfilm copy of any 
item in its collection. Address inquiries 
to R. H. Phelps, Director, Engineering 
Societies Library, 29 W. 39 St., New 
York 18, N. 











to some to be only a summary of the extensive 
information obviously at the author's com- 
mand. 


THYRATRONS. By C. M. Swenne. The Mac- 
millan Company, 60 Fifth Ave., New York, 
N. Y., 1960. 73 pages, 6 by 8/2 inches, bound. 
$3. This is an introduction to industrial appli- 
cations of thyratrons for the engineer. It cov- 
ers briefly physical principles, electrical char- 
acteristics, basic circuits, and applications, 
avoiding elaborate physical and mathematical 
treatment in all cases. 


PRACTICAL ELECTRICAL WIRING. By 
H. P. Richter. Sixth edition, McGraw-Hill 
Book Company, Inc., 330 W. 42nd St., New 
York 36, N. Y., 1960. 585 pages, 542 by 842 
inches, bound. $7.95. Conforming to the meth- 
ods of the National Electrical Code, this book 
explains the “how” and the “why” in the 
wiring of structures of limited size and at 
ordinary voltages, under 600 volts. Part one 
presents the fundamentals of electrical work— 
terminology, basic principles, and the theory 
behind general practices. Part two deals with 
the actual wiring of residential buildings and 
farms. Part three covers the actual wiring of 
nonresidential buildings such as stores, fac- 
tories, and schools. Only essential basic engi- 
neering data are included, since this is not a 
book on electrical engineering. Revisions in 
this edition have been made to clarify pre- 
sentation of principles, and to modify methods 
in accordance with developments in materials 
and techniques. 


SYMPOSIUM ON NONDESTRUCTIVE 
TESTING IN THE MISSILE INDUSTRY. 
Published as ASTM Special Technical Publi- 
cation no. 278 by the American Society for 
Testing Materials, 1916 Race St., Philadelphia 
3, Pa., 1960. 71 pages, 644 by 9% _ inches, 
bound. $2. This volume contains seven of the 
eight papers presented at the Symposium, held 
in San Francisco, Calif., on October 12, 1959. 
Included are papers on radiography of rocket 
motors, of weldments in motion, and in the 
6- to 30-mev range; ultrasonics in sandwich 
structures inspection, fluid-contaminating part- 
icle detection, and evaluation of missile ma- 
terials and components; and mobile field in- 
spection of missiles and aircraft. 


TELEPRINTER SWITCHING. By E. A. 
Rossberg and H. E. Korta. D. Van Nostrand 
Company, Inc., 120 Alexander St., Princeton, 
N. J., 1960. 351 pages, 64% by 9% inches, 
bound. $10.75. This translation from the Ger- 
man original presents a survey of the tele- 
printer switching systems in service all over 
the world. It avoids fundamentals, discussing 
instead the peculiarities and salient features of 
the various systems. Two chapters describe the 
two principal systems—direct subscriber-to- 
subscriber, and message relay from one section 
of the circuit to the next—in German, Swedish, 
Finnish, Danish, French, British, and Ameri- 
can installations. The remaining chapters deal 
with such topics as rate metering, maintenance 
equipment and facilities, planning criteria, and 
traffic analysis. 


THERMOELECTRIC MATERIALS AND 
DEVICES. Edited by I. B. Cadoff and Edward 
Miller. Reinhold Publishing Corporation, 430 
Park Ave., New York 22, N. Y., 1960. 344 
pages, 64% by 9% inches, bound. $9.75. From 
the College of Engineering of New York Uni- 
versity comes this treatment of the technology 
and engineering applications of thermoelectric 
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materials. It describes the theory of thermo- 
electric processes and the thermoelectric cir- 
cuit, evaluates theoretical and experimental 
materials for use as thermoelements and dis- 
cusses materials now in use as well as those 
being considered for future use, reviews the 
princivles of device design, and describes some 
experimental and prototype units which have 
been built and evaluated. 


1301 REVIEW PROBLEMS. By R. C. Brinker 
and others. International Textbook Company, 
Scranton, Pa., 1960. 338 pages, 64 by 9% 
inches, bound. No price given. The purpose 
of this book is to provide an intensive practi- 
cal review for persons planning to take the 
Professional Engineer's registration examina- 
tion and the prerequisite EIT (Engineer-in- 
Training) exam which follows graduation and 
generally precedes practical experience. Indi- 
vidual problems selected from actual state 
registration exams form the basis of the re- 
view, and are arranged in two sections, corre- 
sponding to the two parts of the EIT exams. 
The “General” section (Chapters 1 to 11) cov- 
ers such subjects as mathematics, chemistry, 
Statics, thermodvnamics, fluid mechanics, elec- 
tricity, engineering economy, ethics, and con- 
tracts. The “Applied Engineering’ section 
(Chapters 12 to 19) covers aeronautical, chem- 
ical, civil, mechanical, electrical, industrial 
and mining engineering, and surveying. The 
remainder of the book (Chapter 20), contains 
nine complete typical state examinations. Ap- 
pendixes give answers, symbols and abbrevi- 
ations, addresses of state registration boards, 
and recommended reference books. 


SYMPOSIUM ON SPECTROSCOPIC EX- 
CITATION. Published as ASTM Special 
Technical Publication No. 259 by the Ameri- 
can Society for Testing Materials, 1916 Race 
St., Philadelphia, Pa., 1960. 62 pages, 6 by 
9 inches, paper. $2.50. At the 62nd Annual 
Meeting of ASTM in Atlantic City, June 1959, 
this symposium considered some of the param- 
eters involved in obtained reproducibility and 
accuracy in spectroscopy. The three papers 
included here discuss the matrix effect in ex- 
citation, the effects of gaseous atmospheres on 
excitation, and some properties of excitation 
sources such as flames and electric discharges, 
including hydrocarbon flames, plasma jets, and 
high-frequency, interrupted, continuous, and 
fluid-controlled arcs. 


TECHNICAL WRITING. By Joseph Racker. 
Prentice-Hall, Inc., Englewood Cliffs, N.]J., 
1960. 234 pages, 64% by 9% inches, bound. 
$6.95. A handbook written by an engineer with 
a long and varied experience in_ technical 
writing, this book sets forth rules, formulas, 
techniques and ideas in technical writing 
which will help the engineer select those ele- 
ments of his material which he wishes to 
communicate, and to organize and present 
them in a manner which will reach his readers 
at the level of their understanding. The au- 
thor first defines “technical writing,” and 
“writing level,” and then gives examples of 
the five levels he sets up—from the operator's 
or nontechnical level, to the advanced engi- 
neering or scientific level of reader understand- 
ing. Then the selection of the appropriate 
words, and letter and mathematical symbols is 
discussed, followed by description of illustra- 
tions, and the preparation of manuscripts. The 
book is completed by five glossaries of terms 
used in writing about such special topics as 
computers, automation, electricity, electronics, 
guided missiles, radio and radar navigation, 
space technology, and transistors. 


TECHNICAL LITERATURE 


The following recently issued technical litera- 
ture may be of interest to readers of Electrical 
Engineering. All inquiries should be addressed 
to the issuers. 


EDUCATIONAL TV GUIDEBOOK. Repre- 
senting the most complete work available on 
television as an instruction tool, the book 
presents nearly 100 illustrations in a sequence 
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designed to develop a basic understanding of 
the components and workable combinations of 
television facilities to meet varying educational 
applications. It deals with such innovations in 
electronic instruction as translators, video tape, 
the Midwest Program on Airborne Instruc 
tional Television, the Galveston experiments 
with Phonoscope, low-power educational tele 
vision provisions and=s closed-circuit library 
reference system Included are an extensive 
glossary, case studies, and checklists for deter 
mining guidelines to educators in introducing 
instructional television, Financed by Electronic 
Industries Association (EIA), the book was 
written by Dr. Philip Lewis, director of the 
Bureau of Instructional Materials of the Chi 
cago Board of Education. It is available from 
McGraw-Hill Book Co 30 W. 42nd St., New 
York 36, N.Y., at $4.95 per copy 


DATA P 
Guide Vo 
of punched card, punched tape equipment and 
business computers contains valuable educa 
tional information The Computer Guide 

feature introduced in Volume One has been 
updated by displaying all commonly used types 


ROCESSING ANNUAL. Reference 


ime 7 This volume for users 


of current electronic computers, with basic 
descriptions and characteristics. A computer 
comparison chart gives the specifications of 
each type at a glance It includes a_ biblio 
graphical index of information on articles which 
have appeared in more than a hundred different 
periodicals, indexed by subject and author. It 
is available from Gille Associates, Inc 22nd 
Floor Book Tower, Detroit 26. Mich. for $15 
per copy. 


RESEARCH HIGHLIGHTS. This 1960 An 
nual Report of the National Bureau of Stand 
ards presents a general review followed by 
highlights of the research program on metrol 
ogy electricity radio standards, mechanics 
heat, atomic physics, radiation physics, chem 
istry, mineral products, organic and _ fibrous 
materials, metallurgy, instrumentation applied 
mathematics, building research, data-processing 
systems, cryogenic engineering, radio propaga 
tion, weights and measures. It is available 
from the Superintendent of Documents, U. S$ 
Government Printing Office, Washington 25, 
D. C., for 65¢ per copy 


HANDBOOK OF TEST METHODS AND 
PRACTICES. Written to meet the electronics 
technician's need for a convenient reference 
on the fundamentals of testing electronic 
equipment, this manual discusses the impor 
tance of testing; provides the technician with 
a sound background in test equipment circuits 
theory; covers in detail the specific procedures 
used in testing communications, radar, and 
sonar; and deals with preventive maintenance 
and repair of test equipment. Priced at $2.75 
per copy, it is available from the U. S. Gov- 
ernment Printing Office, Division of Public 
Documents, Washington 


THEORY AND USE OF ELECTRONIC 
TEST EQUIPMENT. This Army technical 
manual describes the theory and use of nearly 
every important radio test instrument, such as 
multimeters, vacuum-tube voltmeters, signal 
racers, tube checkers, and other devices used to 
locate electronic trouble. Available from the 
U. S. Government Printing Office, Division of 
Public Documents, Washington 25, D. C.; 
price 75¢ 


ENCYCLOPAEDIA OF DRAWING AND 
DESIGN. Mechanical, Electronic, Architectural 
& Art. This volume, consisting of numerous 
loose-leaf hole-punched simplified pages of text 
and clarified drawings, illustrations, paintings, 
and photographs, should prove useful to stu- 
dents, teachers, draftsmen, technicians, and 
engineers. It deals with mechanical and elec- 
tronics drawing, architectural and structural 
drawing, commercial and fine art drawings and 
paintings, machine design, metallurgy, elec- 
tronics theory, mathematics, drafting room 
short cuts and essentials, design theory, repro- 
duction methods, etc. It may be obtained from 
Louis D. Prior, Inc., 23-09 169th St., Whitestone 
57, New York, N.Y., for $9 plus 27¢ sales tax. 


AMERICAN STANDARD ACOUSTICAL 
TERMINOLOGY (Including Mechanical Shock 
and Vibration), SL. 1-1960,. This is a compre- 
hensive revision of American Standard 224.1- 
1951, and is the result of 6 years of work by 
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representatives of 26 national groups which 
participate in three ASA sectional committees. 
The 62-page standard includes 5 tables and 15 
sections with over 600 definitions on such di 
verse subjects as transducer parameters, under- 
water sound and sonics, architectural acoustics, 
music and acoustical units. The standard is 
available from the American Standards Asso 
ciation, 10 E. 40th St., New York 16, N.Y. at 
$4.50 per copy. 


RADAR CIRCUIT ANALYSIS. Presenting 
the basic principles and basic circuits of radar, 
this U. S. Air Force manual includes chapters 
on a-c and d-c circuits, measuring instruments, 
vacuum tubes and power supplies, principles 
of radar, timing circuits, amplifiers and oscil- 
lators, modulation and detection, r-f lines, 
waveguides and cavity resonator 
at radar frequencies, radar antennas, and sel- 
syns and servomechanisms. It is designed to 
provide the graduate radar technician with 
reference information on fundamentals of elec- 
tronics and the student radar technician with 
a basic coverage of the subject. Available from 
the U. S. Government Printing Office, Division 
of Public Documents, Washington 25, D. C., 
for $3.25 per copy 


oscillators 


MATHEMATICAL MACHINES: Volumes I 
and II, Prepared under the auspices of the 
Office of Naval Research by F. J. Murray, 
professor of mathematics at Duke University 
and director of special research in numerical 
analysis, this work fullv recognizes the vital 
contribution of mathematical machines to in 
vestigations in science and technology The 
volumes follow the practical division of digital 
and continuous machines. The first deals with 
devices based on digital representation num- 
bers discussing the principles of desk calcu- 
lators, punched-card machines, and automatic 
sequence calculators. The second volume covers 
continuous computors, analogs, and mathe 
matical instruments. Illustrated, with charts and 
tables, priced at $15 per volume, these books 
may be ordered from the Columbia University 
Press, 2960 Broadway, New York 27, N.Y 


ENVIRONMENTAL EFFECTS ON MATE- 
RIALS AND EQUIPMENT. This new month- 
ly abstracts journal is intended to aid design 
engineers, materials scientists specification 
writers and evaluators, test personnel, research 
directors, and others who are charged with re- 
sponsibility of guaranteeing the reliability, 
operability, and durability of military and 
other materiel in all environmental conditions 
of transportation, storage, and use. The field 
emphasized in this publication is that various 
ly referred to as the “induced,” “hyper,” or 
““space-associated"’ environment and_ includes 
effects of such factors, or combination of fac- 
tors, as shock, vibration, excessive heat, vac- 
uum, gravity, magnetism, electromagnetic ra- 
diation, dissociated and ionized gases, meteor- 
itic dust, auroras and coronas. Each issue will 
contain 40 substantive abstracts plus 40 “ex- 
tracts’’—telegraphic or key-word abstracts—of 
current articles drawn from world scientific lit- 
erature. Subscription to the journal, which 
commenced publication January 1961, are $25 
per year from National Academy of Sciences, 
2101 Constitution Ave., Washington 25, D. C. 


NUCLEAR FUSION, Journal of Plasma 
Physics and Thermonuclear Fusion. This quar- 
terly international journal contains reports of 
original work and review articles concerning 
plasma physics and controlled thermonuclear 
fusion research. Letters to the editor and 
shorter communications, as well as bibliogra- 
phic material are also included. Orders for 
subscriptions should be sent to the Interna- 
tional Atomic Agency, Kaertnerring 11, Vienna 
I, Austria. Annual subscription rate is $10. 


RUSSIAN ENGINEERING JOURNAL. 
Translated by Production Engineering Re- 
search Association of Great Britain, this second 
cover-to-cover translation of a leading Russian 
technical journal will prove of assistance to 
those in industry concerned with design and 
production and also to librarians as an up-to- 
date reference aid when dealing with enquiries 
concerning latest Russian engineering develop- 
ments. Among subjects covered are structural 
design, materials, production, power plant, 
power transmission, plant and machinery, and 
finishing. It may be ordered from Production 
Engineering Research Association, Melton 


Of Current Interest 


Mowbray, Leicestershire, England. Subscription 
rates: for United States and Canada, $27 per 
annum; for libraries of educational institu- 


tions, $20. 


DIGEST OF MILITARY ELECTRONICS. 
Written in simple language and explaining 
terminology often heard, but usually difficult 
to understand, this 210-page book gives the 
layman and the technical man alike a general 
speaking acquaintance with the many ways 
in which modern electronic systems serve the 
U. S. Armed Forces. The practice of giving 
special names and short titles to electronic 
equipment and systems is widespread in both 
Government activities and civilian fields. RA- 
DAR, LORAN, SONAR, ILS, BMEWS are but 
a few examples. Through usage these terms 
often acquire definitive meanings and obtain 
the status of words in official and unofficial 
spoken and written language. The book pre- 
sents these special names in alphabetical order, 
and explains briefly the purpose and function 
of each from a system standpoint. It is avail- 
able for $3.95 from RCA Service Company, 
Government Services, Bldg. 210, Camden 8, 


HANDBOOK OF NOISE MEASUREMENT. 
This illustrated 100-page handbook covers the 
measurement of noise and vibration, and de- 
scribes equipment requirements, procedures, 
and the interpretation of results. In 13 chap- 
ters it offers a comprehensive survey of such 
topics as the decibel, man as a noise-measuring 
instrument, applications of sound-measurement 
system, and the measurement of sound levels 
and sound-pressure levels. Also detailed are the 
characteristics of noise control, loudness levels, 
speech interference, hearing damage, and 
neighborhood reaction to noise. In addition, 
typical noise sources are discussed, and vibra- 
tion measurements are the subject of reports 
on typical instrumentation and applications 
Four appendixes include decibel conversion 
tables, vibration charts, definitions, and exten 
sive references. Copies are available at $1 each 
from General Radio Company, West Concord, 
Mass 


IEC PUBLICATIONS. The _ International 
Electrotechnical Commission (IEC) has pub- 
lished the following: [EC Publication 71: Rec- 
ommendations for Insulation Coordination 
which sets forth the conditions to be fulfilled 
by the insulation of electric equipment—except 
generators, rotating machinery, underground 
cables, and overhead lines—used in exposed 
installations on a-c systems having a nominal 
voltage greater than | kv. Price $3.20. IEC 
Publication 119: Recommendations for Poly- 
crystalline Semiconductor Rectifier Stacks and 
Equipments applies to selenium and copper- 
oxide stacks, rectifiers and rectifier equipment 
used for supplying d-c power from a-c sources 
at frequencies up to 2,000 cycles. It does not 
cover telecommunication rectifiers other than 
those for power supplies to such apparatus, 
nor rectifiers used as auxiliaries of measuring 
instruments. The recommendations which de- 
fine the characteristics of these devices, pro- 
vide a marking system, given preferred ratings 
and described methods of test. They are di- 
vided into three main sections: general, semi- 
conductor stacks, and rectifier equipment in 
general. Price $8. IEC Publication 120: Rec- 
ommendations for Ball and Socket Couplings 
of String Insulation Units specifies a series of 
four standard sizes of ball and socket coup- 
lings for use in assembling string insulator 
units into chains. An appendix gives the di- 
mensions of a series of gauges for checking the 
couplings. Price $8. IEC Publication 51: Rec- 
ommendations for Indicating Electrical Meas- 
uring Instruments and Their Accessories ap- 
plies to the following types of indicating elec- 
tric measuring apparatus for direct and alter- 
nating currents: ammeters, voltmeters, single- 
phase and poly-phase wattmeters, varmeters 
and phasemeters, frequency meters of the 
pointer and vibrating reed types and ohm- 
meters. It deals with certain accessories used 
with these instruments, such as shunts, series 
of resistors, inductors, and capacitors. Instru- 
ments incorporating rectifiers, diodes and ther- 
mocouples are covered, but electronic measur- 
ing instruments, including transistorized in- 
struments, are excluded. Price $6. All of these 
publications are available from the American 
Standards Association, Dept. 197, 10 E. 40th 
St., New York 16, N.Y. 
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Because —— Potheads are the best way yet devised to terminate cables. 


Why? —— Only a pothead provides a grounded, hermetically-sealed metallic 


housing over the bare cable for effective protection against weather and 
corrosive atmospheres. Extra insulation between conductors and to 
ground is built up in potheads with dielectric materials of high strength, 
amply protected by the housing against deterioration. Mechanical 

seal of cable to pothead is excellent, making it easy to secure cable 
termination solidly. 


There are other methods of terminating a cable. These are good and 
may be entirely adequate for certain conditions. But only a pothead has 
the extra characteristics that pay off in best service over the years. 


What Extras? —— Potheads are best because they have extra features to enhance life, 
reliability, and continuity of service, while requiring minimum 
maintenance. They have extra stamina, too, for the difficult situations 
and for emergencies such as switching and lightning surges, corrosive 
salt and industrial fumes, and unusual cable-support problems. 


Standardized potheads covering 80 percent of uses are available for 
fast off-the-shelf delivery. Other potheads are available for special uses 
or can be designed for even the most unusual cases. Other types of 
termination are also available. Write G&W about your problem or 
contact your nearest sales representative. Data is available on both 
standard and special-use potheads upon request. 


GaW ELECTRIC SPECIALTY COMPANY 


3510 WEST 127TH STREET ° BLUE ISLAND, ILLINOIS 
Canadian Mfr. * Powerlite Devices, Ltd. * Toronto, Montreal & Vancouver 


superior quality standards — inspired specialized design 
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components-mixers, filters, isolators, circulators, 
switches. $8400-$10,800. (b) Electro-mechanical 
Designers with three to five years’ experience in 
the design of complex electronic and mechanical 


E N G i N E E R I N G s 0 C I E T i E S products. $6000-$8400. (c) Transistor Circuit De- 
signer, B.S. or M.S. in E.E., with five to ten 

P c Pp S 0 N N F L S & P V H C FE | N : years’ experience in the design and development 
y a of transistorized electronic circuitry. $10,800- 


(Agency) $15,000. Company pays fees. New England. W16. 


ENGINEERS. (a) Staff Consultant (Transistor 
Circuit Design), B.S.E.E., capable of acting at 
corporate level as consultant on transistor circuit 
design problems. $15,000-$18,000. (b) Manager, 
Microwave Department, B.S. or M.S. in E.E., 
with microwave design background to direct 
engineering activity on microwave systems for 
radar and missile applications. $14,800-$16,800. 
(c) Manager, Equipment Design, B.S. or M.S. in 
E.E., with extensive circuit development back- 
ground, emphasizing RF equipments, for product 


New York 
8 West 40th St. 


San Francisco 
57 Post St. 


Chicago 
29 East Madison St. 


These items are listings of the Engineering 
Societies Personnel Service, Inc. This Serv- 
ice, which cooperates with the national so- 
cieties of Civil, Chemical, Electrical, Me- 
chanical and Mining, Metallurgical and 
Petroleum Engineers, is available to all 
eng $ bers or no bers, an 


the understanding that should you secure 
@ position as a result of these listings you 
will pay the regular placement fee. Upon 
receipt of your application a copy of our 
placement fee agreement, which you agree 
to sign and return immediately, will be 
mailed to you by our office. In sending ap- 





is run on a nonprofit basis. 
if you are interested 
listings, 





in any of these 
and are not registered, you may 
apply by letter or resume and mail to the 
office nearest your place of residence, with 


plications be sure to list the key and job 
number. 

When making application for a position 
include eight cents in stamps for forward- 
ing application. 


A weekly bulietin of engineering positions open is available at a subscription 
rate of $4.50 per quarter or $14 per annum, payable in advance. 








MEN AVAILABLE 


ELECTRICAL POWER SYSTEM ENGINEER, 
educated at Ejidgenossiche Technische Hoch- 
schule. Experience in residential engineering, in- 
dustrial power system design, sche- 
matic and layout $9,600 a year. Location 
open, E-228 


contracting 
Salary, 


ELECTRICAL DESIGN ENGINEER, B.S.E.E 
One year field with transformer manutac 
turing, three years’ instrument and meter design 
and manufacturing experience with large elec 
trical manufacturer, five years’ design experience 
with large consulting engineering firm on pro 
tection control, relaying and metering aspects of 
substation and generating design. Desires relo 
cation from Canada to eastern U.S. or California. 
Salary, $8.500 a year. E-229 


sales 


ELECTRICAL POWER SYSTEM ENGINEER, 
B.S.E.F P.E.—Pennsylvania. Electric distribu- 
tion, transmission and substation design, con 
struction, operations. System planning. Engineer- 
ing consulting. Salary, $8,000 (U.S.) a year. Lo- 
cation, open. E-250 
rECHNICAI 
with major 
apparatus 

ough knowledge 


MARKETING, 


nanutacturer 


B.S.E.E. 14 years 
applying and _ selling 
electric utilities. Thor 
of all phases of marketing. De- 
with challenge and opportunity 
plus. Location, E-23 


products to 


sires 


Salary 


position 
$15,000 open 
DIREC 
facturing 
years’ in 
ment and exe 
field. Salary, $15 
Metropolitan Chicago 


POR OF 
B.S.E.E 


design 


ENGINEERING and /or 
licensed M.E. and 


development, factory 


Manu 

E.E. 25 

manage 

oversights in metal products 

000-$20,000 a year. Location, 
9ac 


E-232 


ulive 


ENGINEERING OR PRODUC 
AGEMENT, B.S.E.I P.E. Six 

ecutive, three engineering 
years’ as senior project engineers. All with small 
to medium companies in the instrument indus 
try. Phases include consulting, design, develop- 
ment, installation, engineering and general man- 


agement. Salary open. E-233 


TION 
years chiel ex 
manager, two 


MAN 


years 


ELECTRICAI ENGINEER, U.K 
College. Experience in control 
laying, distribution system design, for hydro 
electric generating plants. Design and applica 
tion of control and distribution equipment. Sup- 
ervisory and field experience. Salary, $8,500 a 
year. Location, E-23 


Technical 
metering and re 


open 


SALES MANAGER, B.S.E.E. 20 years’ directing 
sales, advertising, and promotional activities for 


companies in electronic component and equip- 


28A 


ment manufacturing. Direct sales as well as 
manufacturing responsibilities. Government and 
military sales, Salary, $14,500-$18,000 a year. 
Location, eastern Seaboard. E-235. 


AUTOMATION ENGINEER, executive capa- 
bility. Wide experience designing controls for 
machine tools, automatic production machinery. 
B.S.E.E., familiar mechanical problems, meter 
application, air, hydraulics. Willing to travel. 
Presently Newark, N.J. area. E-236 


DESIGN-UTILITIES, Electrical Engineering de- 
gree, 44. 15 years’ diversified experience includ- 
ing design of industrial and commercial build- 
ings, site development, field supervision, electric 
utility, rate analysis (electric, gas, water) busi- 
ness and sales engineering ability. Speak fluent 
French, German. Location, San Francisco Bay 
area, Foreign. E-237 

ENGINEERING ADMINISTRATIVE Project, 
Sales, Registered P.E., 60. Background 30 years 
engineering design, manufacturing executive and 
sales in electric power and distribution equip- 
ment. Last five years’ chief engineer of trans- 
former plant. Location, California. E-238 


PLANT ENGINEER, B.S.E.E., 49. Registered 
Illinois. 25 years’ experience in organization, de- 
sign, construction and maintenance of industrial 
plants. Prefer glass, paper or metal fabrication 
industries. Straight line management only. Sal- 
ary, $15,500 a vear. Location, Midwest, South or 
West. E-2080-Chicago. 


DESIGN 
FRONICS, 


matic 


AND/OR DEVELOPMENT, ELEC- 

B.S.E.E., 28. One year with pneu 
temperature control company. Functioned 
in design, sales and as project engineer. Salary, 
$7000 a year. Location, open. E-2081-Chicago. 


CHIEF ENGINEER OR CHIEF ELECTRICAL 
ENGINEER, degree in E.E., 56. 33 years’ of 
international ex perience—trom shop to executive 
level—in design, production and application of 
electrical machines from fractional to large ap- 
paratus size. Salary, $15,000 a year. Location 
open (although west preferred). E-2082-Chicago. 


POSITIONS AVAILABLE 


York Office 


New 


SALES ENGINEER, 


of & vears 


B.S.E.E., with a minimum 
sales experience on a national level 
in electronic Components, systems and hardware. 
Design and/or application engineering experi- 
ence desirable. $9900-$15,000. Company pays fee. 
New England, WI7 


ENGINEERS (a) Microwave Engineers, 
B.S.E.E., with a minimum of 3 year’s experi- 
ence in design and development of microwave 


design. $12,600-$15,000. Company pays fee. New 
England. W15. 


PRODUCT DEVELOPMENT ENGINEER, me- 
chanical or electrical, preferably with two to 
three years’ experience, preferably in electrical 
appliances, housewares or consumer goods appli- 
ances, $7800. New York City. WII. 
CONTACT ENGINEER, graduate electrical, 
with a few years’ experience, preferably in 
primary and/or secondary batteries, to contact 
licensees. Must speak fluent French. $10,000. 
New York City. W9. 


FECHNICAL SPECIALIST, chemical or elec- 
trical graduate, with at least five years’ experi- 
ence in design and development of photo 
sensitive and photo multiplier devices and tubes. 
$12,000-$14,000. Northern New Jersey. W7. 


SALES MANAGERS. (a) For distributor sales. 
Experience with electronic component distribu- 
tion and previous sales through distributors. 
(b) For industrial sales. Experience in electronic 
components to OEMs and other industrial sales. 
Company manufactures electrolytic capacitors. 
$10,000-$13,000. Northern New Jersey. W6. 


PROFESSOR of Electrical 
with Ph.D. desirable; some experience in in- 
dustry. Must have a dedicated desire to teach, 
even if no teaching experience. Five to 15 years’ 
out of college. Normal teaching load is 12 con- 
tact hours per week. distributed over four days 
per week. Private consulting work encouraged. 
New York suburban area. W2. 


Engineering, M.S., 


GENERAL MANAGER, graduate, with ten 
vears’ experience with operational story of 
growth in the management of electronic ard 
electro-mechanical manufacturing. $30,000-$40,- 
000. Long Island, N.Y. WI. 


PLANT ELECTRICAL ENGINEER, graduate, 
with a minimum of one to three years’ experi- 
ence with heavy, industrial electrical equipment 
for chemical petro-chemical or refining industry. 
Will be responsible for electrical and instrument 
engineering aspects of a liquid hydrogen facility. 
Will recommend improvements in_ electrical 
equipment and circuitry to increase electrical 
safety achieve power savings; recommend 
changes of equipment or procedures; assist in 
coordination of electrical maintenance work. 
$7000-$8400. Location, South. W9995(a). 


RECENT GRADUATE ENGINEERS, chemical, 
mechanical, electrical or civil, interested in fire 
protection engineering work for insurance com- 
panies. Will consult with industrial companies, 
inspect industrial plants and report recommenda- 
tions. Training period; opportunity. Travel 
within metropolitan area only. $6500, to start. 
New York City. W9994, 


ENGINEERS. (a) Quality and Reliability Super- 
visor, degree in electronics and experience in 
design and test of avionics equipment. Experi- 
ence in auto-pilots, inertial guidance; gyro- 
mechanisms and similar devices desirable. Will 
supervise quality section and assist in test, in- 
spection, reliability, design analysis, environ- 
mental testing and specification review. Will be 
#2 man. $12,000-$15,000. (b) Senior Electronics 
Engineer, graduate electrical, with at least six 
years’ experience in one or more of the follow- 
ing: Radar engineering, R-F transmission engi- 
neering, circuitry design, quality engineering. 
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UHM I offers the largest and most 
varied assortment of power rheostats ever 
developed. 

You can choose from 413 stock com- 
mercial sizes and types ranging from 1244 
to 1000 watts .. . or from over 400 stock 
MIL-R-22A sizes and values, with “special 
fast delivery” on all other MIL units. You 
can find, for example, scores of different 
shaft styles, sizes, configurations—already 
engineered and waiting. Literally, hundreds 
of other special features take care of any 
rheostat application envisioned today. 


Stocked by the Factory and Electronic 
Distributors Everywhere 


But Ohmite rheostats give you more than 
just “largest selection.”” Ohmite wire-wound 
units of all ceramic and metal construction 
represent the highest degree of operational 
reliability ever attained in rheostats. They 
bring you the backup of industry’s greatest 
reservoir of engineering talent in rheostat 
design and application. 

Because of this, you find more Ohmite 
units in use than all other makes combined. 
On your next project calling for rheostats, 
make your selection from the smooth, close 
control units preferred throughout industry. 


heostats 


OHMITE 


OHMITE RHEOSTATS 


OHMITE MANUFACTURING COMPANY 
3614 Howard Street, Skokie, Illinois 
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utomatic 
Sequencing 
Controls 


AiResearch’s design and manufac- 
turing capability covers many types 
of automatic sequencing controls 
such as those for missile ground 
checkout, controlling drone and 
missile flight profiles, and auto- 
matic elevation and leveling of 
radar antennas and missiles. 

Above is an AiResearch sequence 
controller for cabin temperature of 
a jet airliner. It assimilates 25 sen- 
sor element inputs and supplies 
command signals to 18 amplifier 
channels. Consisting of servo- 
operated potentiometer cards, cam 
switch programmer and other 
electromechanical components, it is 
another example of AiResearch’s 
over-all ability to design and pro- 
duce intricate and complicated 
servo systems. 

The most experienced company 
in the development and production 
of control systems for airborne 
and ground use, AiResearch is an 
industry leader in electromechani- 
cal systems and components of all 
types for aircraft, ground handling, 
ordnance and missile systems. 


OTHER ELECTROMECHANICAL 
COMPONENTS AND SYSTEMS 


AC and DC Motors, Generators and 
Controls * Static Inverters and Con- 
verters * Linear and Rotary Actuators * 
Power Servos * Hoists * Temperature 
and Positioning Controls * Sensors ° 
Programmers * Missile Launchers « 
Radar Positioners * Power Supplies ° 
Williamsgrip Connectors 


New & Improved Products 
(Continued from page 8A) 


Vacuum Control Switch ... 


In conventional vacuum-actuated 
control switches, the contacts are usu- 
ally exposed to the vacuum system oils 
which often act as insulators across 
the contacts when pressure rises above 
the desired level. Contact failure is 
eliminated with this latest control 
switch by enclosing four separate fixed- 
control contacts and a common return 
contact ordinary U-tube 
manometer partially filled with mer- 
cury. At no time are these contacts 
exposed to the vacuum system. When 
the pressure falls, better 
vacuum, the mercury column on the 


inside an 


Vv 
indicating 


closed manometer teg falls, exposing 
the contacts and presenting a control 
action. The Fredericks Co., Bethayres, 
Pa. 





Noninterchangeable Breaker ... 


Meeting the 1959 National Electri- 
cal Code for noninterchangeability, 
this new line of modified Stab-lok cir- 


cuit breakers and enclosures prevents 


| 


| substitution of breakers above 20 am- 
peres capacity without a special tool 
available only to qualified electrical 
| wiremen. Steel clips fastened to the 
back of the breaker unit and embossed 
in the rear of the enclosure with intact 
knock-outs 
| Stab-loks from being inserted. The 15- 


prevent higher capacity 


or 20-ampere breakers, however, do 
not have these clips and are therefore 

| not impeded by the rear of the enclo- 

| sure panel. Federal Pacific Electric Co., 
50 Paris St., Newark 1, N.J. 


transistor oscillator operates on any 
frequency from 240 to 10,000 cps. Ac- 
curacies are 0.005% or better from 
—56 to —125 C. Ovens or other com- 
plex thermal controls are unnecessary. 
The output signal is either a sine or 
square wave of 1.3 to 3.0 volts rms 
across a 10,000-ohm load from a supply 
of 6 to 36 volts d-c with a current 
drain of less than 10 ma. The device is 
unaffected by gamma rays or fast neu- 
trons. Time & Frequency, 127 South 
Batavia Ave., Batavia, Ill. 


High-Voltage Power Supply ... 


Up to 350,000 volts d-c with con- 
tinuous current of 8 milliamperes and 
2%, rms ripple are the output ratings 
of this latest high-voltage power sup- 
ply. For use in dielectric cable testing 
and particle accelerators, and for study 
of high-voltage discharges, the power 
pack is oil-insulated and safe to oper- 
ate. Selenium rectifiers are used to in- 
crease reliability and reduce over-all 
size and weight. Sorensen & Co., Inc., 
Richards Ave., South Norwalk, Conn. 


Telephoned Images... 


Using standard telephone lines, the 
Videx system transmits a 400-line image 
of charts, sketches, maps, and 3-dimen- 
sional objects in a scanning period of 
60 seconds. The device consists of a 
slow-scan Vidicon camera for sending 
and a direct-view storage tube for re- 
ceiving. The unit substitutes elapsed 
time for bandwidth, resulting in a pic- 
ture with no loss of reselution. Com- 
pletely transistorized and hand_port- 
able, the entire system weighs less than 
100 pounds. ITT Laboratories, Fort 
Wayne, Ind. 


Wide-Screen Film Viewer... 


This 16mm film viewer features a 
motorized film drive, a remote opera- 
tor’s control, and data magnification of 
20 times on a large screen. The opera- 
tor can quickly locate data by using a 
push button to traverse the film in 
either direction at 120 centimeters per 
second and can study it in detail by 
varying the film speed continuously 
from 1.3 to 0 centimeters per second. 
Convenient controls are also provided 


for changing the direction of film 
travel, varying the light intensity, vary- 
ing magnification between 19 and 21 
times, and maintaining a continuous 
sharp focus. The Geotechnical Corp., 
3401 Shiloh Rd., Garland, Texas. 


Your inquiries are invited. 
THE CORPORATION 


| High-Vacuum Tuning Fork... 


AiResearch Manufacturing Division 


Los Angeles 45, California 


Providing an extremely accurate 
frequency source for precise electronic 


' instruments, type T¥-4 with silicon (Continued on page 34A) 
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Smogtypes nee 
corrosion 
~ protection most! 


Contaminated atmospheres are 
the ‘‘normal habitat’’ of Smog- 
type insulators. 


It’s an unhealthy environment. In areas of 
extremely severe contamination, even Smogtypes 
--conventional Smogtypes, that is-- may not extra leakage 
have what it takes to survive. 

For a conventional Smogtype’s only defense distance is no 
against the highly corrosive effects of contami- 
nated atmospheres is the extra leakage distance substitute for 
afforded by longer porcelain petticoats. And 
sometimes, as the accompanying picture shows, protection of 
extra leakage distance is not enough. 

The Smogtype shown in the above Cc. 1. S.* 
illustration accomplished its intended 
purpose of protecting a 69-kv line 
from flashover (for a time), but it 
couldn’t protect itself from the corrosive attacks 
on the pin which eventually destroyed it. 

If you have to pay the 50% premium for 
Smogtypes in order to protect your lines from 
severe contamination, doesn’t it make good sense 
to protect the insulators themselves from the cor- 
rosive effects of that contamination? 

If contamination or corrosion is your problem, 
then Futura is - - or should be - - your insulator. 

Why not talk it over with your O-B 
representative? 


OHIO BRASS COMPANY, MANSFIELD, OHIO 





Futura Smogtype With C.I.S.* 


Futura’s Corrosion Intercepting Sleeve 
(C.1.S.) protects against corrosion in two 
ways. Corrosion products normally. depos- 
ited on the pin above the cement line, form 
instead on the yieldable metal sleeve, 
PORCELAIN INSULATORS + LINE HARDWARE - CAPACITORS ~ LIGHTNING ARRESTERS ff $ which gives slightly to eliminate bursting 
BUSHINGS + HOLAN TRUCK-MOUNTED POWER DEVICES AND BODIES - BRONZE VALWES © . , forces on the porcelain. Sleeve also tends 
to act as a drip shield, diverting moisture 
(and the corrosive salts dissolved in it 
from their customary destructive path 
down the pin shank, 








Architect: 
>) ANTONIO. RAYMOND AND 
— LL RADO, 

| NEW YORK CITY, N.Y. 


WALTER HART, Co-ordinating 
Architect for KLM 


Consulting Engineer: 


Electrical Contractor: 
DAVIDSON ELECTRIC CO., 
BROOKLYN, N. Y. 

) General Contractor: 
TURNER CONSTRUCTION CO., 
NEW YORK CITY, N. Y. 
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/, Electrical Protection 
Y2= ig MODERNIZED 
with BUSS fuses in the 
KX{LIM] Royal Dutch Airlines 
Building, New York City 


KLM INSTALLATION POINTS OUT THE NEED FOR SAFE INTERRUPTION 


OF HIGH FAULT CURRENTS 


A 3 million dollar modernization program 
was recently completed on this 13 story office 
building at 609 Fifth Ave., which houses the 
American Executive and first floor ticket 
offices of KLM Royal Dutch Airlines. 


To meet power requirements, the capacity 
of the electrical system was greatly increased, 


resulting in an estimated available fault cur- 
rent level approaching 100,000 amperes. 


In the main switchboard, Buss LIMITRON 
fuses are installed to provide the high inter- 
rupting capacity necessitated by the available 
fault current and to give great current limita- 
tion needed to protect circuits and equipment. 


To further assure safe protection and to 
safeguard against needless outages, distribu- 
tion and feeder circuits are equipped with 
FUSETRON dual-element fuses. 


Fuses Offer the Safest, 
Most Practical Solution to Modern 
Protection Requirements 


As electrical network capacities increase, available fault currents of 
75,000 to 100,000 amps and up are no longer uncommon. 


In order to adequately safeguard circuits and equipment, it becomes 
imperative to install protective devices that can safely interrupt these 
fault currents. 


HIGH INTERRUPTING CAPACITY 

Fuses provide high interrupting capacity at a very low cost. Buss 
LIMITRON fuses have an interrupting rating of 200,000 amps. rms 
symmetrical — and for FUSETRON dual-element fuses it is 100,000 
amps. 

CURRENT LIMITATION 

Buss LIMITRON fuses also provide current limitation so that fault 

currents are shut-off before equipment on the circuit can be damaged, 


LIFE-TIME DEPENDABILITY 


Fuses remain safe and accurate through the years. Fuses have no 
triggers, latches, pivots or contacts to stick or get out of order. They 


Part of Main Switchboard Protected by: 
3-3000 amp., 3-1200 amp., 6-1000 amp., 


BUSS LIMITRON FUSES and 
15-400 amp., 3-350 amp., 3-275 amp., 
3-250 amp., 9-200 omp., 3-125 omp., 
3-90 amp., 
FUSETRON dual-element FUSES 


Marcu 1961 


require no expensive maintenance or recalibration — they are always 
ready to function the instant trouble occurs. 


To help you select the proper fuse, write for the new BUSS booklet... 


BASIC PROTECTION FOR ELECTRICAL POWER SYSTEMS. 
co) 


BUSSMANN MFG. DIVISION McGraw-Edison Co. 
University at Jefferson, St. Louis 7, Mo. 
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wires of aluminum. Our 42 
years of quality, integrity and 
service are your guarantee of 
the finest in transmission and 
distribution line erection and 
maintenance. Our complete fa- 
cilities brochure is available 
without obligation. 


ENGINEERING CO. 


1350 HOLLY AVE e COLUMBUS 8, OHIO 
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|New & Improved Products 


(Continued from page 30A) 


Vibration Pickup Calibrator... 


The 1557A was designed to cali- 
brate accelerometers, pickups, meters, 
and similar vibro-measurement systems 


using small crystal-type sensing ele- 
ments. Providing a standard accelera- 
tion of Ig (rms) with 10°, accuracy, 
at 100 cps with 1° accuracy, the 
unit consists of a transistorized electro- 
mechanical oscillator and a battery op- 
erated cylindrical shaker. Acceleration 
output appears at two pillbox-shaped 
50-em discs mounted on an internal 
cylinder with the pickup to be cali- 
brated attached to or replaced by one 
of these discs. General Radio Co., West 
Concord, Mass. 


Code Generator... 


Codamite was designed to produce 
perfectly formed Morse characters or 
coded outputs similar to binary-coded 
decimal systems. Featuring solid-state 
digital circuitry, the units allows a se- 
lection of transmission speeds from 6 
to 42 words per minute. A typewriter 
key-positioned board of 43 letters, num- 
bers, and punctuation marks directly 
activates a magnetic core memory in 
the unit. Practical applications will be 
found in military reconnaissance or life 
boat survival, or to provide code sig- 
nals for manual entry into data-proc- 
essing and telemetry operations. Ling 
Electronics Div., 1515 S. Manchester, 
{naheim, Calif. 


Cable-Pipe Layer... 


\ new line of cable-laying attach- 
ments for all popular makes of heavy 
duty crawler tractors will lay telephone 
or power cable as well as plastic, cop- 
per, or aluminum pipe, and conduit, 
without trenching. A special cable-lay- 
ing shank mounted on the tool beam 


of the heavy-duty ripper opens up a 
cut up to 72 inches in depth and 
buries the cable or pipe in one con- 
tinuous operation. Depending on soil 
conditions, one or two passes with a 
standard ripper shank are made ahead 
of the cable-laying pass. Completion 
rates of 4 miles per day may _ be 
achieved where operations are not fre- 
quently interrupted by physical ob- 
structions. American Tractor Equip- 
ment Corp., 9131 San Leandro Blvd., 
Oakland 3, Calif. 


Coil Tester... 


This new production line product 
detects short-circuited turns equal to 
or larger than one turn of no. 25 Awg 
copper wire. It also measures the num- 
ber of coil turns with or without fer- 
romagnetic cores with 0.1°;%, accuracy. 
Direction of winding, symmetry of 
coils, bifilarity, and resistance of wind- 
ings may also be performed. The num- 
ber of turns is determined by com- 
paring the voltages induced by a 
common flux in the coil to be meas- 
ured with a _ reference coil. Unique 
shielding eliminates all stray flux be- 
tween the two coils. Maxim Controls 
Co., 4734 N. Albina Ave., Portland, 
Ore. 


Thermoelectric Power ... 


Four sizes are now available for 
commercial and industrial applications 


in ratings of 5-, 10-, 50- and 100-watt 


outputs. These all-static devices are 
ideally suited to remote locations and 
should find ready application in cath- 
ode protection of pipelines and valve 
controls, and for powering microwave 
relays. Gasoline, propane, or natural 
gas are typical fuels used with operat- 
ing core temperatures ranging from 
300 to 600 C. Westinghouse Electric 
Corp., Box 2278, Pittsburgh 30, Pa. 


(Continued on page 40A) 
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PROBLEM: To grade the electrical stresses uni- 
formly at the shielding tape termination of a high 
voltage underground cable. 


Heavy-duty capacitors complete the job of evenly 
grading the electrical stress over the remainder of the 
cable in the pothead. These ring-shaped capacitor units 
are concentrically mounted on the cable and connected 
in series. From line-to-ground, the electrical stresses 
are uniformly graded. 


SOLUTION: Use a smooth, logarithmically-curved 
stress cone and grading capacitors. 


If you were to end abruptly the shielding tapes of 


an underground cable, you would introduce high longi- For your underground cable systems 115 kv or 


tudinal stresses (parallel to the axis of the cable). In 
order to relieve these high, localized stresses, ground 
potential surface must be flared out smoothly. 


Flare of this stress cone has been carefully calcu- 
lated* to keep longitudinal stresses at a uniform and 
acceptable level. Field shaping of the cone has always 
left much to be desired. But, O-B’s machine-produced, 
ideally-shaped stress cone is built right into the build-up 
roll which can be accurately installed, after shielding 
tapes are terminated, in a matter of minutes. 


above, check O-B’s capacitor-graded pothead. We'll be 
glad to furnish you the details. 


*Formula for calculating shape of stress cone in AIEE paper 
CP 60-356 available on request. 


OHIO BRASS COMPANY, MANSFIELD, OHIO 
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This photo shows how various components of the 
Niagara Power Project are electrically intercon- 
nected by nineteen 115kv and 230kv Oilostatic 
circuits enclosed in 85%" O.D. pipe and installed 
in underground tunnels. From the Robert Moses 
Niagara Power Plant in the foreground (height 
340 feet above the level of the Niagara River), 
six 230kv (1) and seven 115kv Oilostatic circuits 
(2) transmit power from generators up a 45°-in- 
cline power tunnel (3) to the switchyard (4). Two 
other 115kv circuits tie the 115kv bus to the 
230kv bus through auto-transformers. The re- 
maining four 230kv circuits connect the motor- 
generator units at the reservoir plant (5) to the 
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switchyard. The reservoir (6) receives and ultim- 
ately discharges water through the motor- 
generator units. Not shown are two water con- 
duits which carry water from the intake structure 
above Niagara Falls to the open canal between 
the power plants. 


oe 
Cross-section of 115kv Oilostatic circuit in 8%" 
O.D. steel pipe. This 3-phase 1750 MCM circuit 
carries the entire output of one 167,000kva 
generator. 


Niagara Power Project chooses 
Okonite Oilostatic Cable 
to carry a giant power load 


At one of the world’s largest power projects —the 
New York State Power Authority’s 2,470,000-kva 
Niagara Power Project —60,000 feet of Okonite Oilo- 
static cable are helping to solve some giant power 
transmission problems. 

A total of nineteen 115kv and 230kv Oilostatic 
circuits tie together the various components of this 
$720,000,000 complex. These include: the Robert 
Moses Niagara Power Plant . . . the Reservoir Pump 





Generating Plant which alternately fills and receives 
water from a storage reservoir . . . two conduits to 
carry water from an intake structure above Niagara 
Falls . . . and a 115kv-230kv-345kv switchyard. 
Why was Okonite Oilostatic Cable chosen to 
carry power from this giant project? One reason was 
the New York State Power Authority’s desire to com- 
bine sound engineering practice with an architectur- 
ally appropriate appearance. Careful preliminary 














installing 115kv Oilostatic cables for auto-transformer circuits, work- 
men use large radius tube for feeding cable into riser pipes. 


studies indicated Oilostatic was well suited to solve 
the project’s problems involving congestion (which 
made overhead constructions impractical), appear- 
ance, maintenance and reliability. 

This project presented several unique design and 
installation techniques which were studied and solved 
by the consulting firm of Uhl, Hall and Rich, working 
with the Okonite Engineering staff. All Oilostatic 
circuits in 8%” O.D. steel pipe were mounted in 
underground tunnels, installed prestressed to a length 
equivalent to a temperature of 70°F. The thirteen 
circuits at the Robert Moses Niagara Power Plant 
drop a vertical distance of 250 feet on a 45° angle. 
Standard Oilostatic cable construction was used for 
this unusual situation. 

Four 230kv circuits from the Reservoir Pump 
Generating Plant to the switchyard cross an open 
water canal on a specially designed bridge. The Oilo- 
static systems are supported on roller type hangers 
allowing the bridge and cable circuits to expand 
independently. For the first time in the United States 
condenser type potheads were used to terminate the 
230kv circuits. Except for these potheads, other ma- 
terial used on the project —including cable, pipe, oil, 
cable joints and pumping plants —are standard Oko- 
nite equipment. 

This is the kind of problem-solving performance 
for which Okonite has long been noted. It’s just one 
more example of Okonite Cable’bility* in action. 
At the free world’s largest power project, as in other 
vital projects, large and small, Okonite cables have 
long been recognized as the best for the job. 


*OKONITE Cable'bility... cable craftsmanship since 1878 


a) 


Base plate bolts are tightened as final assembly of a pothead stress 


cone is made, prior to positioning of six-foot porcelain bushing. A 
total of 114 high-voltage potheads were used on this project. 


One of the four pressure control units that automatically maintain 


oil pressure at 200 psi throughout the system. 








THE GCKONITE COMPANY 
Subsidiary of Kennecott Copper Corporation 
Passaic, New Jersey 
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These 


KERITE 
cables 


. . + were designed without any of 
the accurate methods now used to 
determine conductor size. They were 
overloaded throughout their lives, 
and although they were installed in 
brass pipes and operated at 11,000 
volts, they were protected only with 
a non-conducting cotton braid. 


In 1946, one lead was removed, 
reeled, and shipped to the Kerite 
factory for investigation. 


In spite of 36 years of thermal 
abuse, almost cqnstant electrical dis- 
charge at its surface, and the physi- 
cal handling involved in its removal 
and shipment, the minimum 60-cycle 
A.C. breakdown was above 90 KV 
with the average 10 KV higher. 


Kerite engineers have pioneered 
improvements in almost every ele- 
ment of generator cable... but the 
consistently high qualities and long 
life of the Kerite insulation remain 
the same. 


THE KERITE CO. 
30 Church St. 
New York 7, N. Y. 
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Positions Available 
(Continued from page 28A) 


Basic knowledge of radar circuits, magnetrons 
and microwave plumbing. Some knowledge of 
radar antennas also desirable. Company pays 
fees. New York suburban area. W9992. 


ASSISTANT ELECTRICAL ENGINEER, grad- 
uate, with industrial or public utility experience 
in the electrical field, for trade association work. 
Must be willing to travel. $8000-$10,000. Resi- 
dent of New York area. W9987. 


RESEARCH ENGINEER for work on electro- 
magnetic relays and choppers. Must have thor- 
ough knowledge of physical, electrical, and mag- 
netic properties of materials and several years 
experience with small electro-magnetic devices. 
Excellent opportunity with well established com- 
pany. Open. Connecticut. W9973. 


PRODUCT ENGINEER, graduate mechanical, 
metallurgical or electrical, with two to five 
years’ in engineering, for product engineering in 
fuel group. Pennsylvania. W9971(a). 


DEVELOPMENT ENGINEER, graduate me- 
chanical or electrical, for electronics. Experience 
in ultya or radio frequency. (Experience in radio 
receivers and transmitters would be qualified.) 
$8000. New York City. W9966. 


SENIOR PROJECT ENGINEERS, electrical 
graduates. (a) With five to ten years’ experience 
in circuits such as precision bridges, dividers, 
potentiometers including methods of compensat- 
ing for semiconductor resistance used with these 
circuits. Must be able to design solid state cir- 
cuits, involving digital techniques. (b) With five 
to ten years’ experience in design of equipment 
to perform electrical measurements to a high 
degree of accuracy. Background in  potentio- 
meiers, standard cells, bridges, ratio sets, null 
detectors and other similar equipment used in 
measuring voltage and resistance to a few parts 
per million. $9000-$15,000. Newark, New Jersey 
area. W9965. 


QUALITY CONTROL ENGINEER, graduate 
mechanical, electrical or industrial, with three 
to five years’ experience in quality control. Must 
be familiar with statistical techniques; should 
be well versed in quality control sampling tech- 
niques and procedures used to provide quality 
engjneering assistance to production departments. 
Will assume #2 technical position in quality 
control engineering. $8-$9500. Apply by letter 
and, indicate present and expected salary. Agency 
fees, relocation and interviewing expenses paid 
by company. Upstate New York. W9961. 


CHIEF PLANT ENGINEER, mechanical or 
electrical graduate, with refrigeration, boiler 
plant operation, electrical distribution and gen- 
eral building maintenance in food processing 
plant. $8000-$10,000. Long Island, New York. 
W9959. 


ENGINEERS. (a) Pro‘ect Design Engineer, In- 
dustrial Division, graduate mechanical or elec- 
trical, to design, develop and evaluate hydraulic, 
pneumatic and electrical systems related to com- 
mercial control of machine tools. Little actual 
board work. $10,000-$12,000 and profit sharing. 
(b) Experimental Engineer, graduate mechanical 
or electrical, with two to five years’ experience 
in one or more of the following areas: Hydraulic, 
Pneumatic or electronic design or servo systems 
work, Background with small intricate mechani- 
cal devices most desirable. Experience with servo 
components, puinps or design of precision instru 
mentation devices. Background in aircraft or 
hydraulics company preferred. $8000-$10,000. 
Apply bv letter and indicate present and ex- 
pected salary. Agency fee, relocation and inter- 
viewing expenses paid by company. Upstate New 
York. W9950 


Chicago Office 


UTILITIES AND POWER PLANT ENGI- 
NEER, graduate E.E. or M.E. Responsible to 
plant engineering department for engineering, 
to make engineering studies on structures, equip 
ment processes and operations to develop plan, 
estimates and specifications for new installations, 
alterations, operation and maintenance of utili- 
ties and power plant equipment. Assist in di- 


rection and coordination of contractors and plant 
personnel on utilities and power plant projects 
Prepare or review specifications for equipment 
and parts lists for new power plant equipment, 
analyse suppliers proposals and make recom- 
mendations. Assist stress engineers on all items 
involving utilities or power plant operations, 
construction manning, etc. Keep current on de 
velopment equipment and practice in power 
plant field. Responsible for supervision of con- 
tractors to clarify suppliers and contractors to 
clarify specifications. Experience must have been 
in process industry with manufacturer of product 
rather than with consultant or equipment manu- 
facturer. For manufacturer of food products 
About $10,000 depending on experience. Chicago. 
C8487 (b). 


ADVERTISING ACCOUNT EXECUTIVE, Pub- 
lic Relations, B.S.E.E., Ch.E., M.E., to plan and 
execute public relations programs for engineer- 
ing-oriented client firms, including writing gen- 
eral and technical news releases, technical papers, 
feature articles. Supervise press tours, @eustomer 
house organs. Maintain active liaison with client 
management and engineers and with technical 
magazine editors, for a public relations agency. 
Employer will pay fee. $7500-$15,000. Chicago 
C8480. 


SENIOR ELECTRICAL DESIGN ENGINEER, 
B.S.E.E., supervise ‘unior electrical engineers in 
electrical engineering assignments and be respon 
sible for compiling fast and accurate technical 
proposals and complete design of electrical equip 
ment used in hydraulic, pneumatic and electrical 
ground support equipment. Must knowe military 
specifications associated with electrical compo 
nent and wiring. Power option preferred for a 
manufacturer of test equipment. $9000-$10,000. 
Employer will negotiate fee. Chicago. C8469 


CONSTRUCTION ENGINEER AND AREA 
ENGINEER, graduate E.E. Design and supervi- 
sion of construction of transmission and distri- 
bution systems. Same for substations. Field trips 
for extended periods of time for some openings 
Prefer single men. Families limited to three 
children. (Company does no construction, only 
supervision). Travel for a consulting engineers 
$10,000 and up. Asia-Middle East. C8462. 


DESIGN AND DEVELOPMENT ENGINEER, 
graduate E.E.; design and development of frac- 
tional horsepower or integral motors and gen- 
erators. Should be U.S. citizen for a manufac- 
turer. Employer will pay fee. $10,000. Ohio. 
C8455. 


DEVELOPMENT AND DESIGN ENGINEER, 
M.E. or E.E. Must be interested in automotives 
for design and development on mechanical tim- 
ing devices; timed spark ignition. Heading up 
group in new plant in Alabama for a manu- 
tacturer. $9600 depending on experience. Em- 
ployer will pay fee. C8454 


PROJECT ENGINEER, BS.E.E., Electronics 
Major: minimum of eight years’ electronic design 
and development including minimum of three 
years’ of related radar transmitter experience 
such as design of hard tube modulators, high 
voltage circuitry, pulsed and CW _ microwave 
devices. Duties: Group leader in charge of de- 
sign and development of high power military 
radar transmitter. Must be capable of originating 
new ideas, techniques and over-all system con- 
cepts in the multi-megawatt UHF and micro- 
wave generation field. Able to analyze complex 
problems associated with latest state of the art 
radar transmitter design. Able to evaluate test 
results and make recommendations. $9600- 
$11,500. Ohio. C8453 


PLANT MAINTENANCE ENGINEER, gradu- 
ate M.E., C.E. or E.E. To inaugurate at office 
level maintenance program for multi-plant op- 
erations involving budget maintenance, preven- 
tive maintenance programs, etc. for process in- 
dustry. Will be indoctrinated in company’s policy 
for about two years’ in Chicago then assigned 
to a district as area maintenance supervisor 
Must have good personality. Employer will ne- 
gotiate fee. $9000-$13,000, depending on experi- 
ence. Chicago, C8356 
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Multi-aperture ion 
engine operating 
in hard vacuum. 


ULTIMA THULE, |\ON PROPULSION 
AND BASIC RESEARCH AT EOS* 


The ion engine is only one of the devices under devel- 
opment at EOS that is helping to push back frontiers, 
enabling us to delve deeper into physical phenomena. 
Being developed under contract, ion rockets will provide 
practical means of propulsion — helping achieve the 
ultimate goals of space travel. 

A basic, inseparable portion of all division activities 
at EOS, research alone can supply the answers necessary 
to the completion of our advanced projects. State-of-the- 
art solutions to specific problems are relatively easy to 
provide — taking only time and manpower. We prefer to 
follow the more exacting path illuminated by combining 
basic and applied research in reaching our objectives — 
finding that the answers and information uncovered 
open broad new areas for investigation and opportunity. 

Electro-Optical Systems presently has positions on its Tech- 
nical Staff for PHYSICISTS, ELECTRICAL ENGINEERS, 
MECHANICAL ENGINEERS who are interested in advanced 
research and development programs and are experienced in the 
areas of 

Solid State Physics 
Materials Research 

Fluid Physics 

Electronic Systems 
Energy Conversion 
Advanced Power Systems 
Electrochemistry 
Quantum Electronics 
Re-entry Physics 


Scientists and Engineers are invited 
to contact Mr. Don Smelser at 


ELECTRO-OPTICAL SYSTEMS, INC. 
130 NORTH VINEDO AVENUE 
PASADENA, CALIFORNIA 
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New & Improved Products 
(Continued from page 34A) 


Unusual Memory Drum... 


Particularly adaptable to sorting 
operations in materials handling, the 
Dynastat magnetic memory drum oper- 
ates in synchronism with a conveyor 
belt or rotary table to accept or reject 
objects under conditions manually or 


automatically introduced into the sys- 
tem. Less expensive and less complex 
than high-density computer-type drums, 
this device can read-record information 
it any drum speed, or even when the 
drum comes to rest. Another advantage 
is that the read heads have a high 
power output that eliminates the sensi- 
tive amplifiers required with computer- 
type drums. Consolidated Controls 
Corp., Bethel, Conn. 


Pole Switch... 


This phase-over-phase pole-mounted 
air switch called Pole-Pak is available 
in I-, 2-, or 3-way models in ratings 
from 7.2 to 69 kv, and continuous 
ratings from 600 to 1,200 amperes. 
Consisting of type 57L braidless air 
switches, the apparatus is mounted on 
welded aluminum frames. Unique 
clamping bands permit proper posi- 
tioning and suspension without the 
need for drilled holes, resulting in 
easier, faster installations. Southern 
States Equipment Corp., Hampton, Ga. 


The Condulator... 


The condulator is a new type of 
aluminum riser cap designed to allow 
natural ventilation of the conduit, yet 
keep out weather. It will also secure 
any number of cables against slipping 
back into the conduit. The compound 
used to fill the top of the cap is a spe- 
cial mixture of polyester resin and glass 
fibers. All types of sheathed or insu- 
lated cables may be accommodated, 
and the cap will fit any fiber, steel, or 
plastic riser duct. Roberts Electrical 
Products Co., 122 Calaman Rd., Crans- 
ton 10, R. 1. 
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How Circle exceeds the specs to give you... 


MAXIMUM DIELECTRIC STRENGTH 


Every order for power cable calls for certain specifications to be met. 
At Circle, the point is not how well these specs are met — but rather 
how far they are exceeded. 

Example: the well-known ‘‘double-voltage’’ test as required by 


IPCEA-NEMA. The table below demonstrates one of the ways Circle- 
sheath Type RR power cable exceeds specs to give users maximum 
performance. Circlesheath also excels in ozone resistance, long-term 
stability and other essential power cable requirements. 

Power cable reliability is no haphazard achievement. It requires 
continuous supervision by men who not only care enough but know 
enough to produce the very best. Specify Circle on your next job— 
there’s no finer cable made. 


CIRCLE WIRE & CABLE CORP. 


SUBSIDIARY OF CERRO CORPORATION 


PLANTS: Maspeth and Hicksville, N. Y. SALES OFFICES & WAREHOUSES: In all principal cities. 
Rubber Covered Wires & Cables + Varnished Cambric Cables « Plastic Insulated Cables - Neoprene Sheathed Cables - “CIRTUBE” EMT 


J 4 \A 
; f SIZE VOLTAGE TEST VOLTAGE 
; é 7 }2awc | skv_ | 28KV_ | 48.3KV 
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Industrial Notes... 


NEMA Bell Telephone 
New York, N.Y... New York, N.Y... 


Unconventional generation of elec- The American Association for the 
Advancement of Science (AAAS) has 
presented its annual “Industrial Sci- 
ence Achievement Award” to Bell Tel- 
(NEMA). Representatives of 22 leading ephone Laboratories, Inc. The award 
member companies of NEMA attended. is given which have 
helped significantly to demonstate one 
or more of the objectives of the Indus- 
trial Science Section of the AAAS. In- 
cluded in these objectives is the “ad- 


Petersen Engineering 
Santa Clara, Calif... 


Petersen Engineering Co. has sup- 
plied Penco model 7000-TR-1-72 bull- 
wheel tensioner, model 6700 BIWCP 
SK-IJ bullwheel cabel pullers, and a 
pair of 6100 TCRW 
in tension stringing 


tric power was the topic of a discussion 
at a recent meeting of the National 
Electrical Manufacturers Association 
powered reel 
winders, for usé¢ to companies 
It was decided to organize a new Un- 
conventional Generation Sec- 
tion within the association. Called the 
most advanced technical industry group 
to afhliate with NEMA, the section will 
be involved with magnethydrodynam- 


in General Electric Company's 
ect EHV” prototype 


tem. The neoprene-lined PENGO ten 


“Proj 


transmission § sys- Powe 


sioner bullwheels were modified to 


four grooves of 214 inches in diamete1 vancement of knowledge and the prac- 


instead of the usual six 2-inch grooves, 


tical application of science in indus- 
fuel cells, thermoelectrics, thermi- try.” The citation to Bell Laboratories 


was for its achievements in the field of 


in order to handle the 2.32-inch con- ics, 
ductor. The puller bullwheel grooves onics, batteries, photovoltaics, and pho- 
tochemicals. Early projects will prob- 
ably deal with Government contacts 
and the development of standards for 
basic terms, definitions, and tests. It is 
expected that invitations will be ex- 
tended shortly to companies in_ this 
field which are not presently members 


of NEMA to join the Association and 
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were standard 1.39 inches in diameter 
which is ample to accomodate pulling 
lines used. The PENGOo tensioner is de- 
signed to operate at continuous work- 


ing tensions to 25,000 pounds. Tension 
stringing 


in the 


which keeps the conductor 
air at all times during stringing, 
is advantageous in ehv stringing be- 
cause it greatly reduces the chance of 
conductor damage. Arrows in the ac- 
companying photograph indicate mod- 
el 7000-TR-1-72 tensioner (lower) and 


powered reel winde (upper). 


Burns and Roe, Inc. 
New York, N.Y... 


Burns and Roe, Inc. were hosts at 
a recent luncheon marking the begin- 
firm's second 


ning of the quarter- 


century as engineers and constructors. 
Included among the projects in which 
Burns and Roe played important roles 
are the BoMARC missile, the NIkE-ZEUS 
anti-missile missile, and the SAGE elec 
tronic computer stations network. The 
company was also active in the devel- 
opment of an evaluation test unit for 


afhliate with the new Section. 


Chase Brass & Copper 
Waterbury, Conn... 


Chase Brass & Copper Co., a sub- 


sidiary of Kennecott 


has devised a new technique for join- 
ing copper to copper and certain alloys 
to copper. Cost savings, easier produc- 
tion methods, and improved products 
are among the advantages which may 
result from the new technique. In this 


proce ss, two or 


nents can be joined together with a 


homogeneous bond as strong as 


stronger than the base metal. A spe- 
cial coating on the metal surface dif- 
fuses into the parts to be joined, and 


Copper Corp., 


more ¢ opper com po- 


universal communication during the 
year 1960. Among the advances cited 
were Bell’s long-distance communica- 
tions from the Echo I satellite, Time 
Assignment Speech Interpolation. sys- 
tem, and the Morris, Ill. electronic 
telephone switching system. Pictured 
here is Bell’s “telephone terminal to 
outer space” at Holmdell, N.J. 


Rogers Publishing Co. 
Denver, Colo... 


Twenty-three thousand military 
standards have been added to the 
Vendor Specs Microfilm File (VSMF) 
Rogers Publishing Com- 
information retrieval and 


system of 
pany. An 
product searching system developed 
by the Technical Services Division, 
VSMF is now in use in major aero- 
space plants throughout the United 
States. Said to reduce product search- 
ing time nearly 90%, the 
has as its key a newly developed, 
copyrighted index which permits the 
user to obtain the desired information 
no matter how it occurs to him to look 


system 


it up in the index. In addition to the 
military standards, MIL-D-70327 (Vital 
Military Drawings) and Military Hand- 
book 300 (“Ground Support Equip- 
ment for Air Weapons Systems’’) have 
also been added. 


the U.S. Navy's 
Burns and Rox 


powel! 


ratos missile. Other under proper conditions produces a 
bond without an interface. Joints made 
projects, aero- in this manner are said to retain vir- 
nautical test facilities, missile ground tually all of the high electrical and 
thermal conductivity of copper, making 
them advantageous for many electrical 
ities. and electronic applications. 


work includes steam 
plants, nuclear 
support equipment, industrial and 
chemical facilities, and electronic facil- 
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“T hate to spend money on switchgear maintenance!” 


Who doesn’t. That’s why I-T-E designed this completely 
new 13.8 kv switchgear so that your maintenance costs 
can be lower than ever. 


For example, this is the first 13.8 kv switchgear designed 
exclusively for stored energy closing. That means it 
closes fast every time. Contacts last longer, and that 
keeps down the upkeep. I-T-E’s unique ratchet and pawl 
stored energy mechanism eliminates the need for a brake 
or clutch which would require periodic maintenance. 


The breaker is more compact and actually hundreds of 
pounds lighter in weight than the previous model. So it’s 
easier to move around, has a lower center of gravity. And 
one man can do all the maintenance work, including 
raising the arc chutes and maneuvering the frame. 


All secondary wiring is in the front—away from the 


high voltage bus. You can service it without shutting 
down the board. Access to instruments is through 
a separate door to an isolated compartment, for still 
greater safety. 


Low-cost maintenance is only one of the economy fea- 
tures of this new I-T-E 13.8 kv switchgear. It saves space 
—roughly 30 cu. ft. per frame. Stored energy means you 
can use a smaller battery or transformer for closing. And 
you can disconnect the breaker without opening the 
front doors—saving time in routine operations. 


If you are about to specify 13.8 kv switchgear, make sure 
you get all the advantages only this I-T-E equipment 
offers. See the new illustrated Bulletin 2800-2B. Call 
your nearby I-T-E sales office. Or write I-T-E Circuit 
Breaker Company, 1900 Hamilton St., Philadelphia 30, Pa. 


I-T-E CIRCUIT BREAKER COMPANY 
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Environmental 
conditioning 


for 
missile 


ground support 


AiResearch electronic cooling 
units for U.S. Army Hawk missile 
mobile ground radar equipment 
require only half the space origi- 
nally allotted. These lightweight 
production units, with a heat rejec- 
tion capacity of 10 KW, measure 
20” x 24” x 24”. 

\ complete system package, the 
liquid-to-air unit includes an ac- 
cumulator, pump, heat exchanger, 
fan, switches and valves. 

Contact AiResearch early in 
your planning and design stage for 
ereater reliability, smaller unit size 
and weight. AiResearch is the lead- 
ing designer and manufacturer of 
advanced electronic conditioning 
equipment and systems for missile 
and ground support applications. 

Environmental conditioning 
equipment has been produced for 
the following electronic systems: 
Detection - Communication 
« Control - Ground Support - 

Guidance 


Write for literature today. 


THE CORPORATION 


AiResearch Manufacturing Division 


Los Angeles 45, California 
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Industrial Notes 
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Kaiser Aluminum 
Oakland, Calif... 


Welding of heavy aluminum plate 
by use of high current densities in just 
the multiple 
required, has 
accomplished in new plate thicknesses 
by Kaiser Aluminum & Chemical 
Corporation’s Welding Engineering 
Branch. The 2-pass welding 


two passes instead of 


passes normally been 


having 


full penetration and high weld quality 
in 2-inch 5083 alloy plate, utilizes auto- 
matic inert gas-metal arc (MIG) weld- 
ing equipment. This welding develop- 
ment may extend the thickness range 
which can be production-welded in 
two passes using automatic MIG weld- 
ing equipment with 1/16-inch filler 
wire from the present 114-inch thick- 
ness to 2 inches. Under conventional 
welding practice, up to 12 weld passes 
are required to weld 2-inch aluminum 
plate. 


Control Data Corp. 
Minneapolis, Minn... 


Control Data Corp. is experimen- 
tally data 
link for high-speed digital data trans- 
fers between computers situated miles 
apart. The new microwave link allows 
Control Data Satellite Computer Sys- 
tems to communicate over many miles, 
limited in distance only by “‘line-of- 
sight,” although the distance can be 
extended virtually 
of unattended repeater stations. Digi- 
tally impulses 
are currently being transmitted in two 
directions via a Motorola model MR 40 
12,000-mc broad-band microwave com- 


testing a new microwave 


indefinitely by use 


modulated microwave 


munication system between a Control 
Data 1604 computer located at Control 
Data headquarters in Minneapolis, and 
a Control Data 160 computer located 
at Control Corporation, a subsidiary of 
Control Data. Checked data are being 
transmitted at a rate in excess of 1.2 
million binary digits per second from 
the magnetic core memory of one com- 
puter to the magnetic core memory in 
the other. 
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Consultants Bureau 
New York, N.Y... 


A contract establishing terms for ex- 
clusive English language rights to So- 
viet scientific books for the next 6 
years was signed in Moscow by Con- 
sultants Bureau of Mezhdunarodnaya 
Kniga, the official Soviet Book export 
agency, it has been divulged. The new 
agreement contains automatic renewal 
provisions at 2-year intervals. The New 
York publisher believes that the con- 
tract will result in improved communi- 
(American 
scientists, and that it indicates that the 
official Soviet book agency anticipates a 
prolonged period of free trade between 
the USSR and the United States. All 
books published by Consultants Bu- 
reau in the future will be made avail- 
able to English-speaking scientists with- 
in 6 months of their publication in the 
USSR. 


cations between Soviet and 


Aluminum Co. of America 
East Los Angeles, Calif... 


Rome Cable Division of Aluminum 
Company of America has established 
new electric cable production facili- 
ties in a Los Angeles plant. Called the 
Special Products Facility, the new pro- 
duction unit now in operation has as 
its task the fabrication of 
cables and cable assemblies to customer 
The facility provides 
users of specialized cables and cable as- 
semblies with a source of supply co- 
ordinated from raw material through 
completed assembly. 


custom 


specification. 


Autonetics 
Downey, Calif... 


U. S. Army artillery battalions are 
expected to derive improved firing ac- 
battlefield mobility from 
ABLE (Autonetics Base Line Equip- 
ment), a portable, gyroscopic direction 
finder now in production at Autonetics, 
a division of North American Aviation, 
Inc. The Army's $3.5 million contract 
calls for Autonetics to produce 100 
units in addition to providing other 
services related to the artillery orienter. 
\BLE is a precision gyrocompass which 
determines true north to less than 30 
seconds of arc 


curacy and 


standard deviation in 
less than 20 minutes’ operating time. 
This is accomplished by a high-preci- 
sion gyro which utilizes the advantages 
of bias compensation through reversal 
of the rotor’s spin. Operation requires 
no formal training and but a few min- 
utes of orientation. ABLE is operable 
in any weather. 
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NATIONAL BUILDS GIANT COILS FOR STANFORD 
UNIVERSITY'S MAGNETIC SPECTROMETER 


This 72-inch radius spectrometer at Stanford is used for the study of inner structures of atomic 


particles and particle phenomena. 

National built the coils and assembled them into the core of the large semicircular magnet, standing 
on its point in the right of the photo. The magnet operates at 500-600 volts, 2000 amperes and 
a field intensity of 18 kilogauss. 

A stream of particles is bent 180° around its circumference, slinging heavier particles to the outside 
by centriiugal force and enabling the number of those of each momentum to be determined. 
Working to close tolerances, National built the magnet, using 96 hollow conductors for the main coils, 
32 conductors for the auxiliary coils. Hollow conductors permit circulation of the coolant. In the final 
assembly the insulated conductors were vacuum-impregnated in epoxy resin and cured into a solid mass, 
National has unique experience in building electromagnetic components for special requirements. For 
more information call our Columbus plant... HUdson 8-1151...or the nearest National field engineer. 


DIVISION OF 


National Electric Coil (au 


COLUMBUS 16, OHIO e IN CANADA: ST. JOHNS, QUEBEC a} ISON o 
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CHEMICAL 
PROCESS 
INSTRUMENTATION 
DESIGN 
ENGINEER 


Lockheed Missiles and 
Space Division’s growing re- 
search laboratory, engaged in 
energy conversion research, 
has opened a challenging 
position for a competent 
Instrumentation Design 
Engineer. 3 to 8 years’ 
experience in the design and 
development of pneumatic 
and electronic instruments 
for chemical processes and 
unit operations are required. 
Work includes tailoring 
on designing new instru- 
ments for physical and 
chemical measurements, 
process control and unit 
operations involved in fuel 
cell systems. This is an excel- 
lent opportunity for a com- 
petent man well versed in the 
fundamentals of process 
feedback control and elec- 
tronic control devices. 
Please send a detailed 
technical résumé to Mr. R. 
C. Birdsall, Lockheed Mis- 
siles and Space Division, 
Dept. M-20A, 962 West El 
Camino Real, Sunnyvale, 
California. U.S. citizenship 
or existing Department of 
Defense industrial security 
clearance required. 


Lockheed 
MISSILES AND SPACE 
DIVISION 


Systems Manager for the 
Navy POLARIS FBM and the 
Air Force AGENA Satellite 
in the DISCOVERER and 
MIDAS Programs 


SUNNYVALE, PALO ALTO, 

VAN NUYS, SANTA CRUZ, 

SANTA MARIA, CALIFORNIA 
CAPE CANAVERAL, FLORIDA — HAWAII! 
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General Electric 
Schenectady, N. Y... 


Plastic “windows,” through which 
high-power radar pulses will be di- 
rected at giant antenna reflectors for 
the U. S. Air Force’s Ballistic Missile 
Early Warning Surveillance (BMEWS) 
radars, are being fabricated from a 
Textolite glass epoxy laminate by Gen- 
eral Electric Corp. The radar “win- 
dows,” made of a G-10 glass epoxy 
laminate designated //546, are part of 
the 704 feedhorns which direct multi- 
million watt bursts of radar energy at 
the four giant antennas installed at the 
Thule, Greenland BMEWS site. Sub- 
jected to hurricane-like winds and ex- 
treme Artic temperatures on the out- 
side, and to continually circulating hot 
air on the inner surface to prevent ic- 
ing, the plastic windows must be able 
to withstand temperature variations of 
—770 to 50 F, and yet maintain close 
dimensional stability and not dissipate 
the energy transmitted by the feed- 
horns. The plastic windows are being 
fabricated by Micarta Fabricators, Inc., 
of Chicago, for the Andrew Corp., a 
subcontractor to General  Electric’s 
Heavy Military Electronics Dept., Syra- 
cuse, N. Y. 


Nat'l Cash Register 
Dayton, Ohio... 


A new computer service, which will 
make electronic data processing avail- 
able to companies as small as a neigh- 
borhood store with one cash register, 
has been opened in New York by the 
National Cash Register Company 
(NCR). The company plans to offer 
similar service in major cities through- 
out the United States. The service is 
expected to help boost the efficiency of 
small and medium-size companies by 
providing them with a more detailed 
picture of their operations than could 
previously be obtained. The New York 
service, located in NCR’s Manhattan 
headquarters is equipped with a new 
$75,000 computer, the NCR 390. The 
service will automatically prepare sales 
and inventory reports, payrolls, cus- 
tomer bills, and other business records. 
In | hour, the desk-size NCR 390 com- 
puter can automatically turn out a de- 
tailed analysis of 50,000 retail trans- 
actions. In less than an hour, it can fig- 
ure the earnings and deductions for a 
company with 250 employees, write 
their pay checks, and prepare a com- 
plete payroll record for each individ- 
ual. 


Eutectic Welding Alloys 
Flushing, N.Y... 


Eutectic Welding Alloys Corp. has 
revealed plans to construct a $2.5 mil- 
lion metallurgical plant and research 
center (pictured here), to be begun in 


1962 at its World Headquarters in 
Flushing. The announcement was made 
at a luncheon for civic and industrial 
leaders marking Eutectic’s 20th anni- 
versary. Ceremonies included the weld- 
ing into place of a metal “cornerstone” 
for a new administration building now 
being completed in Flushing, and the 
introduction of a 20th Anniversary 
Parade of New Products, including 
Eutectic’s Neu-Tec-Tronic, a_ highly 
conductive solder-type alloy, and Eu- 
cleen paste for removal of oxide films 
from the weld area of copper, stainless 
steel, and other metals. The new metal- 
lurgical center, along with a pilot cen- 
ter already being operated in Switzer- 
land by overseas affiliates of Eutectic, 
will enable the firm to produce elec- 
trodes from virgin metal to finished 
product entirely in its own facilities. 


General Dynamics Corp. 
New York, N.Y... 


Columbia University has announced 
the purchase of a self-regulating TRIGA 
research reactor, the first nuclear re- 
actor to be installed and operated in 
New York City. Developed by General 
Dynamic’s General Atomic Division, 
the Columbia Trica will be a Mark II 
above-ground model with a normal op- 
erating power of 10 kw (thermal) and 
will be capable of being “pulsed” for 
fractions of a second to high peak 
power levels for studies of radiation 
effects on materials and other speci- 
mens. The Trica will be used by the 
Columbia faculty and graduate stu- 
dents for broad-scope research activi- 
ties, as well as for the production of 
radioisotopes and for training, under 
dirgction of the Nuclear Engineering 
Science Committee composed of pro- 
fessors of the School of Engineering 
and various other departments, such as 
physics and chemistry. The Trica will 
be purchased from a National Science 
Foundation grant of $247,000. 
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AN EXTRAORDINARY 


Here Are the Many 


Fields Covered: 


ACOUSTICS 
AERONAUTICAL 
AIRFRAMES ~ 
AGRICULTURE & SOILS 
ANIMAL ANATOMY 
PLANT ANATOMY 
ANIMAL SYSTEMATICS 
ASTRONOMY ; 
ATOMIC, MOLECULAR AND 
NUCLEAR PHYSICS 
BIOCHEMISTRY 
BIOPHYSICS 
CHEMICAL ENGINEERING 
ANALYTICAL CHEMISTRY 
INORGANIC CHEMISTRY 
ORGANIC CHEMISTRY 
PHYSICAL CHEMISTRY 
CIVIL ENGINEERING 
COMMUNICATIONS 
CONSERVATION 
CONTROL SYSTEMS 
CYTOLOGY 
ANIMAL ECOLOGY 
PLANT ECOLOGY 
ELECTRICAL 
ENGINEERING 
ELECTRICITY 
ELECTRONICS 
FLIGHT. SCIENCE 
FOOD ENGINEERING 
FORESTRY 
GENETICS & EVOLUTION 
GEOCHEMISTRY 
PHYSICAL GEOGRAPHY 
SURFICIAL AND 
HISTORICAL GEOLOGY 
GEOPHYSICS 
GRAPHIC ARTS 
GROWTH AND 
MORPHOGENESIS 
HEAT 
INDUSTRIAL AND 
PRODUCTION ENGG. 
LOW TEMPERATURE 
PHYSICS 
MACHINE DESIGN 
MATHEMATICS 
MECHANICAL POWER 
CLASSICAL MECHANICS 
METALLURGICAL 
ENGINEERING 
METEOROLOGY AND 
CLIMATOLOGY 
MICROBIOLOGY 
MEDICAL MICROBIOLOGY 
MINERALOGY AND 
PETROLOGY 
MINING ENGINEERING 
NAVAL ARCHITECTURE 
AND MARINE ENGG. 
NUCLEAR ENGINEERING 
OCEANOGRAPHY 
OPTICS 
PALEONTOLOGY 
ANIMAL PATHOLOGY 
PLANT PATHOLOGY 
PETROLEUM CHEMISTRY 
PETROLEUM ENGINEERING 
GENERAL PHYSIOLOGY 
PLANT PHYSIOLOGY 
SOLID STATE PHYSICS 
THEORETICAL PHYSICS 
PLANT TAXONOMY 
PROPULSION 
PHYSIOLOGICAL AND 
EXPERIMENTAL 
PSYCHOLOGY 
INVERTEBRATE ZOOLOGY 
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PUBLISHING ACHIEVEMENT OF OUR TIMEI 


The Entire Span of Today’s Scientific, Engineering 

and Technical Knowledge Encompassed in a Monumental 
Reference Work Containing 8,500 pages of Text, 

‘, 800 Index Pages, 7,200 Articles and 9,700 Illustrations 


Mi. 





includes developments so recent they are still major news! 





McGRAW-HILL 


ENCYCLOPEDIA OF 
SCIENCE and TECHNOLOGY 


2,015 Contributors, including Nobel Prize Winners, Respected Leaders of Research and 
Industry ... Over 6,000,000 Words — from Concise Articles to Amazingly Comprehensive 
Treatments . . . 100,000-Entry Index ...a Wealth of Maps, Charts, Diagrams, 
Drawings, Photographs ... many more than in any comparable work of reference. 


A epoch-marking publishing venture — pro- 
viding up-to-date, authoritative information 
on all the sciences of our day — is now com- 
pleted. The new McGraw-HILL ENCYCLOPEDIA 
OF SCIENCE AND TECHNOLOGY makes readily ac- 
cessible within its 15 volumes a vast fund of 
knowledge covering hundreds upon hundreds of 
subjects dealing with the whole spectrum of the 
physical sciences, life sciences, earth sciences, 
and engineering. 

This major work fulfills a prime need of the 
scientist, the engineer, the technician — whether 
concerned with pure research or practical ap- 
plications — whether his work is of a design or 
operating nature — whether he wants to review 
or keep abreast of the vastly enlarged knowledge 
of his own field or must bridge the gap between 
his specialty and unfamiliar areas into which 
his work leads him. 


Unequalied in Timeliness, Clarity, Depth 


This unique library makes it possible for you to have 
as near as your office, laboratory, plant, or home an 
all-knowing corps of specialists to which you can turn 
for precise, authoritative information. You can get 
answers to specific questions raised through daily pro- 
fessional activities or simply explore in a random way 
the universe of today’s scientific, engineering, and 
technical knowledge — distilled into 7,224 compre- 
hensive articles. Whatever your own field, whatever 
field your work is related to, you will find it here. 


A Work of Unsurpassed Authority 


The names of the contributors read like a “Who’s 
Who” of the world’s scientific community. All are 
recognized specialists — in many instances, articles 


were written by the very person credited with new 
discoveries and developments in a given field. Among 
them are Nobel Prize Winners and others who have 
distinguished themselves for their original and sig- 
nificant work. 

Nothing comparable in breadth of conception, in 
authority, in usefulness, has ever before been offered 
in a reference work of this kind. As an all-embracing 
general reference or a practical working tool, this 
Encyclopedia belongs in the home and professional 
library of everyone with an interest in science and 
engineering. An annual Supplement Volume keeps 
it always up to date. 

You are cordially invited to examine all fifteen 
volumes. There is, of course, no obligation on your 
part. Mail the coupon below for full details. 


foe MAIL THIS COUPON a | 


McGraw-Hill Book Company Dept. EE-3 


327 West 41 Street, New York 36, N.Y. 


Please send me without obligation your pre-view 
brochure on the new McGraw-HiLL ENCYCLOPEDIA 
or SCIENCE AND TECHNOLOGY in 15 volumes; also de- 
tailed information about the convenient time-payment 
plan I may use to purchase this set. 
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..-For Locating Faults 
in Lead-Covered Cable 
...For D-C Proof Testing 


BIDDLE 
CABLE 
FAULT 

Bele Wil, le. 
EQUIPMENT 


Has applications on aerial, or buried cable, 
as well as on lead-covered cable installed in 
ducts. Equipment combines a _ high-voltage 
capacitor discharge transmitter with a detector 
to form a complete Tracer Current Set. Pro- 
vides high current and voltage output with 
small energy input. Equipment is moderate in 
size, weight and cost. Use is not restricted by 
networks or branches, and under certain con- 
ditions will even operate successfully without 
disconnecting transformers. Method of detec- 
tion indicates whether fault has been reached or 
passed when an exploring pick-up coil is applied 
at various points along the cable. 
Biddle Output 
Models Voltage Capacitance 
Catalog 651125 Up to 25 KV 1.65 muf 
Catalog 651015 Up to 15 KV 2 muf 
Catalog 651005 Upto SKV 16 muf 


s-100s Write for Bulletin 65-EE 
BIDDLE 


“=u” JAMES G. BIDDLE CO. 
Electrical and Speed Measuring Equipment 
1316 Arch Street, Philadelphia 7, Pa 


Discharge 








ELECTRICAL 
ENGINEER 


Exceptional promotional op- 
portunities for project engineer 
with BSEE degree and 4 to 5 
years electric utility work prefer- 
ably in design © or 
electric design work on genera- 
tion stations 


substation 


Handle design work on fairly 
complex projects. No board 
work. Should be familiar with 
cost estimating, station arrange- 
ments, control and relays. 


Salary open, $7000 to $9000 
or higher depending on qualifi- 
cations. 


All replies giving educational 
background, complete work ex- 
perience record including res- 
ponsibilities and accomplish- 
ments, recent photo, minimum 
salary, and other pertinent de- 
tails will be acknowledged. 


BOX 119 
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(Continued from page 46A) 


Cross Perforated Metals 
Carbondale, Pa... 


A 424-booth installation of language 
laboratory equipment has been put 
into operation during the 1960-61 term 
in the Wichita, Kans. public school 
system. The noncombustible language 
booths, made by The Advance Furnace 
Company, Wichita, introduce a new 


type of construction combining rug- 
gedness and durability with new highs 
in sound absorbing ability and econ- 
omy. Key element in the new construc- 
tion technique is splinter-proof perfo- 
rated metal made by Cross Perforated 
Metals Plant of National-Standard 
Company. The 22-gauge perforated 
metal forms the outer protective sur- 
face of “combination-sandwich” acous- 
tic panels that make up the booth. The 
booths capture 85% of the sound in 
them. 


) 


International Rectifier 
El Segundo, Calif. . . 


International Rectifier Corporation 
will begin manufacturing selenium 
rectifiers for industrial and commercial 
use in India this year under a joint 
venture agreement with Ram Krishan 
Kulwant Rai, import-export firm and 
producer of steel and other industrial 
products, with headquarters in New 
Delhi. This is the second subsidiary 
formed by the company in Asia. Under 
the agreement, a substantial part of the 
capital will be furnished by Indian in- 
terests in exchange for technical know- 
how, engineering assistance, and manu- 
facturing equipment from Interna- 
tional Rectifier. A new plant to be 
established in New Delhi under a cor- 
porate name not yet announced, will 
in June or July of this year 
largely for the training of Indian tech- 
nicians and other personnel. Produc- 


open 


tion for industrial and commercial de- 


livery is scheduled to begin in Novem- 
ber of this year. 


Pratt & Whitney 
Hartford, Conn... 


A jet engine-powered electric gen- 
erator to serve homes and industries 
will be installed in Hartford by Pratt 
& Whitney Aircraft division (P&WA), 
United Aircraft Corp. in conjunction 
with the Hartford Electric Light Co. 


(HELCO). A modified J-57 P&WA en- 
gine will be harnessed to a generator, 
providing a fully automated power 
package which will be housed in a 
small sound-proofed structure to pro- 
vide the Hartford area with the addi- 
tional electric energy needed during 
“peak load” hours when consumers 
make extra demands on the power sup- 
ply. The unit will produce from 8,000 
to 10,000 kw. It will be installed on 
HELCO property and is expected to 
be operational by mid-1962 as augmen- 
tation for the larger steam-operated 
plants now in use. 


Radiation Dynamics 
Ridgewood, N.J... 


Radiation Dynamics, Inc. has been 
awarded a _ $90,000 contract from 
Brookhaven National Laboratory, Up- 
ton, N. Y., for the construction of the 
RDI Duo-Dynaply Power Source. 
Brookhaven is purchasing the Duo 
Dynaply Power Source for utilization 
on its Alternating Gradient Synchro- 
tron (AGS). The Brookhaven accelera- 
tor has already produced a beam of 
protons at an energy exceeding 30 bil- 
lion electron volts (bev), the highest 
energy ever attained by a particle ac- 
celerator. The AGS is being used by 
Brookhaven scientists to study the fun- 
damental constitution of matter. It is 
expected that the accelerator will en- 
able American scientists to study nu- 
clear interactions at energies about five 
times greater than ever before possible. 
Radiation Dynamics’ Dynaply system 
will be utilized as part of the AGS 
energy analyzing system. 


(Continued on page 50A) 


ELECTRICAL ENGINEERING 





























Publications 
Available from the 


AIEE 


The following publications are sponsored jointly by the 
American Institute of Electrical Engineers and the other societies 
mentioned below. 


PROCEEDINGS OF THE EASTERN JOINT COMPUTER 
CONFERENCE (Computers in Business and Industrial Sys- 
tems), Nov. 7-9, 1955, Boston, Mass. 


Sponsors: The Association for Computing Machinery, AIEE, 
The Institute of Radio Engineers. 


100 pages, 15 papers and discussions. Price: $3.00. 
ee 
PROCEEDINGS OF THE EASTERN JOINT COMPUTER 


CONFERENCE (Computers with Deadlines to Meet), Dec. 
9-13, 1957, Washington, D.C. 


Sponsors: The Institute of Radio Engineers, The Association 
for Computing Machinery, AIEE 


259 pages, 48 papers and discussions. Price: $3.00. 
i 


PROCEEDINGS OF THE WESTERN JOINT COMPUTER 
CONFERENCE, Feb. 26-28, 1957, Los Angeles, Calif. 


Sponsors: The Institute of Radio Engineers, AIEE, The As- 
sociation for Computing Machinery 


240 pages, 37 papers and discussions. Price: $4.00. 
ee 

PROCEEDINGS 1957 ELECTRONICS COMPONENTS 

SYMPOSIUM, May 1-3, 1957, Chicago, Ill. 


Sponsors: AIEE, The Institute of Radio Engineers, Radio- 
Electronics-Television Manvufacturers Association, West 
Coast Electronic Manufacturers Association; also Agencies 
of the U. S. Department of Defense, and the National Bu- 
reau of Standards 


282 pages, 43 papers. Price: $5.00. 
i 

1958 NATIONAL TELEMETERING CONFERENCE, June 

2-4, 1958, Baltimore, Md 


Sponsors: Institute of Aeronautical Sciences, AIEE, Instru- 
ment Society of America, American Rocket Society 


317 pages, 63 papers and abstracts. Price: $4.00. 


ti 


NONLINEAR MAGNETICS & MAGNETIC AMPLIFIERS 
PROCEEDINGS, Aug. 6-8, 1958, Los Angeles, Calif. 


Sponsors: AIEE, The Institute of Radio Engineers, The In- 
strument Society of America 


482 pages, 30 papers. Price: $7.00. 


Publications are available at the prices stated from the 
ORDER DEPARTMENT 
AMERICAN INSTITUTE OF 
ELECTRICAL ENGINEERS 
33 West 39th Street 
New York 18, N.Y. 
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5 KVA, 1 phase, 
60 cycles 
208 volt primary. 
20.8 volt secondary 


If you have an application where no ordinary 
transformer can stand-up due to excessive 
humidity, fumes, or smoke, then an Acme 
Electric Encapsulated Power Transformer is 
exactly what you need. 


Coils are encapsulated as a unit with an epoxy 
that resists many basically harmful condi- 
tions. The added service life that can be ex- 
pected from this type of construction makes 
these transformers truly economical. In ad- 
dition Acme Electric transformers are noted 
for their compact design, comparative light 
weight and QUIET operation. 


SAA 3427/1881 


ACME ELECTRIC CORPORATION 


223 Water St. Cuba, N. Y. 
In Canada: Acme Electric Corp., Ltd., 
50 Northline Rd., Toronto, Ont. 
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Immediate Openings 





OVERSEAS 
AND IN THE 
UNITED STATES 
FOR 
—— ENGINEERS —— 


TELEPHONE ENGINEERS, SYSTEM 
DESIGN 


TELEPHONE INSIDE PLANT 
ENGINEERS 


TELEPHONE OUTSIDE PLANT 
ENGINEERS 


TELEPHONE TRAFFIC ENGINEERS 


RADIO RELAY SYSTEMS 
ENGINEERS 


RADIO RELAY ENGINEERS 
RADIO ENGINEERS 
TELETYPE ENGINEERS 
MULTIPLEX ENGINEERS 
MICROWAVE TECHNICIANS 
POWER ENGINEERS 
SPECIFICATION ENGINEERS 
TRAINING SUPERVISORS 


U.S. CITIZENSHIP REQUIRED 
(FAMILIES MAY ACCOMPANY) 


SUBMIT DETAILED RESUME OF 

SCHOOLING AND EXPERIENCE 

AND DEFINITE BASIC SALARY 
REQUIREMENTS TO: 


Box 124, c/o E.E. 
33 W. 39 St. 
N.Y. 











JUNIOR AND SENIOR 
ENGINEERS AND SCIENTISTS 
CAREER OPPORTUNITIES 
WITH 
PICATINNY ARSENAL 
DOVER, NEW JERSEY 


Picatinny Arsenal is an important 
Army Ordnance Research and Engineer- 
ing center. It is engaged in continuous 
research and development as well as in- 
dustrial and maintenance engineering 
activities in the field of ammunition and 
missiles 


We are 


graduate engineers and scientists with 


particularly interested in 


backgrounds in 


Solid Propellants and Rocket Mo- 
tion Design 


Research 


. 
Development and Design 


Production Engineering 

For work on intricate ammunition 
items and components for guided mis- 
siles and nuclear weapons. 

These positions are in the Career 
Civil Service 

Send resume including salary require- 
ments to: 


Civilian Personnel Office 
Picatinny Arsenal 
Dover, New Jersey 
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Industrial Notes 
(Continued from page 48A) 


R. G. LeTourneau, Inc. 


| Longview, Texas... 


A 4-ton capacity jib crane and elec- 
tric hoist installed several years ago at 


Mississippi Power and Light Co. 


(MP&L) by R. G. LeTourneau, Inc., 
has resulted in a saving of both time 
and money, MP&L reports. The in- 
stallation is utilized in handling poles 
and heavy electric equipment at MP&L 
Additional — electric 
hoists and jib cranes have been in- 


service centers. 


| stalled at five such centers over a 5- 


year period. 


Raytheon Company 
Lexington, Mass... 

Raytheon Company officially opened 
its Lexington headquarters in Feb- 
ruary. The move consolidated company 


| activities previously carried on in 10 sep- 


arate facilities at Waltham, Brighton, 
Watertown, and West Newton, Mass. 
The new 2-level 137,000-square-foot 
Executive Office building is located at 
Raytheon Center, a 100-acre site on 
Spring St., where the firm expects to 
erect other office and research facilities 
at a later date. 


Cook Electric Co. 


Chicago, Ill. . . 


The Inland Testing Laboratories, 


Dayton, Ohio division of Cook Electric 
Company, is “life testing” batteries for 
space use. The batteries will be tested 
until they fail, when “post mortems” 
will be conducted to find out why the 
cells have gone bad. It is expected that 
the test results will be widely distrib- 
uted and the data developed will give 
engineers information about battery 
life and performance that has not been 
available before. The tests are being 
conducted under a contract from the 
Wright Air Development Division, and 
are expected to continue for more than 


a year. Initially, Cook Electric engi- 
neers will test 160 nickel-cadmium bat- 
teries in four insulated chambers kept 
at 30 degrees below zero, zero, 75 and 
120 degrees above zero, temperatures 
that might prevail in a satellite. In 
each of the test chambers, the batteries 
will go through a charging cycle of 
55 minutes, corresponding to the time 
the solar cells might be in sunlight, 
and then 35 minutes of discharge. A 
90 minute “orbit” is fairly typical of 
low-altitude earth satellites. 


Technicon Controls 
Chauncey, N.Y... 


Protection of a $5 million boiler 
and turbine installation from = sugar 
contamination at the Crockett Refinery 
of California & Hawaiian Sugar Re- 
fining Corp., has been undertaken by 
an analytical instrumentation system 
called the Technicon AutoAnalyzer. 
Developed by Technicon Controls, Inc., 
the industrial model AutoAnalyzer au- 
tomatically monitors for sucrose traces 
from 0 to 80 parts per million on 
stream. Thus, the costly boiler instal- 
lation is guarded against the damage 
which appreciable 
quantities of sugar entered the boiler 
along with the returned condensate. 
Readings are graphed automatically on 
a chart recorder. The “robot chemist” 
runs continuously without the pres- 
ence of an attendant. 


would result if 


Allis-Chalmers Mfg. 
Norwood, Ohio... 


New Allis-Chalmers sound research 
facilities are expected to aid in deter- 
mining the degree, quality, and source 
of noise for both the motor industry 
and industry in general. Developed pri- 
marily for testing its own products 


such as motors, generators, and pumps, 
the facility will be made available to 
other firms having noise and vibration 
problems. It will have the capacity to 
test a-c motors up to 900 hp and d-c 
motors up to 300 hp. 
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An airline clerk in San Francisco asks a computer in New 
York about seat availability on a busy morning flight. 
Within a matter of seconds he has his answer, based on 
up-to-the-minute sé es and cancellation data from more 
than a thousand ticket locations across the country. This, 
in essence, is what the IBM 9090 SABRE System will do 
when it goes to work for a major airline. 


One of the most difficult problems faced by the IBM 
team that designed SABRE was access speed. At 150 
queries a second, the system did not have time to search 
its disk files for data. The IBM team solved this problem 
by developing Record Ready — an ingenious method of 
flagging the needed information ahead of time so that 
several disks can be spinning to the required locations 
while one disk is being read. 


From the mathematics used to estimate airline traffic to 
such electronic innovations as Record Ready, SABRE 


represents a special approach to solving systems problems. 
It is the kind of approach that takes you to the frontiers 
of your chosen field and lets you range freely across tech- 
nical boundaries. In the light of recent IBM achievements 
in solid state, magnetics and IBM Tele-Processing* 
Systems, it may hold the key to unusual opportunity for 
you in systems development. A brochure describing addi- 
tional engineering opportunities at IBM will be forwarded 
upon request. 





If you have a degree in engineering, mathematics, or one 
of the sciences—plus experience in your field—write, out- 
lining your qualifications, to: 

Manager of Technical Employment 

IBM Corporation 

Department 550C 

590 Madison Avenue 


New York 22, N. Y. 
*Trademark ® 
Sa ate eeemeeneiniatenl 





If you plan to be in New York City for the IRE Convention, you are cordially invited to contact the IBM representative at convention headquarters. 


When a communications system 
must reply to 150 questions a second, 
how can it find time 
to line up the answers? 





Trade Literature... 


“‘Welding’s Vital Links”... 


The key role of connections in 
welding is outlined in this bulletin. 
Attention to connections will protect 
the heavy investment in welding equip- 
ment and skilled welders, the publica- 
tion explains. Poor connections not 
only waste power but also, especially in 
the newer and more critical processes 
like tungsten arc and consumable elec- 
trode welding, can impair weld quality. 
Thirteen ways to judge the quality of 
welding system connections are listed. 
Electrically and each 
connection should be equivalent to the 
cable it joins, the bulletin points out. 
J. B. Nottingham & Co., 441 Lexing- 


ton Ave., New York 17, N.Y. 


mechanically, 


““One Source Responsibility”... 


This 4-page 2-color brochure serves 
as an introduction to the manufactur- 
er's complete line of switchgear, gener- 
ator and engine controls, substation 
power controls, industrial control re- 
lays, and automatic transfer switches. 
Eight compact control systems are il- 
lustrated and described. Included is a 
diagram of the company’s Unified Gen- 
erator Control. Lake Shore Electric 
Corp., 205 Willis St., Bedford, Ohio. 


Rectifier Wall Charts... 


Iwo wall charts can be used to as- 
sist in the selection of optimum silicon 
and germanium rectifier components 
for basic Rectifier Selection 
Chart (ECG-545) and Characteristics of 
Rectifier Chart 
(ECG-546) may be used independently 


circuits, 


Common Circuits 
or to complement one another. With 
Rectifier 
Chart, optimum components may be 
rather 


the aid of the Selection 


selected than more expensive 
models which are rated above specific 
circuit applications. This chart will in- 
dicate the optimum device to be used 
based on the 


following parameters: 


average) amperes per cell, recurrent 
peak reverse voltage (PRV), and tem 
perature. Three separate charts which 
make up the Rectifier Selection Chart 
are set up according to temperature 
ratings. When the PRV and average 
amperes per cell are not known, this 
data can be obtained from the Char- 
Rectifier Cir- 
cuits Chart to determine the optimum 


acteristics of Common 
rectifier needed. Color codes and ex- 
planatory notes appear in both charts. 
General Electric Co., W. Genesee St., 
Auburn, N.Y. 
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Relay-Switch Courses ... 


“AE Industrial Products Training 
School,” a 6-page brochure, outlines 
the curriculum offered by this com- 
pany’s customer training school. The 
pamphlet describes the  tuition-free 
courses offered by the subsidiary of 
General Telephone & Electronics to its 
customers. The includes in- 
struction in the maintenance and ad- 
justment of AE relays and_ switches 
used in control applications. Course 
options include “Basic Relays,” “Basic 
Rotary Stepping Switches,” and a 
“Combined Relay/Rotary Stepping 
Switch Course.” The pocket-sized book- 
let gives enrollment procedures and 
the 1961 training schedule. 
Director of Sales Training, Automatic 
Electric Sales Corp., Northlake, IIl. 


course 


school 


Transistor Guide... 


The “Transistor Guide for Switch- 
ing Circuit Designers” has been de- 
vised to aid engineers in selecting the 
proper transistors for such applications 
as saturated DCTL, SCTL, RTL, 
RCTL, and DTL low-level logic cir- 
cuits. The guide also discusses non- 
saturated logic such as current switch- 
ing, medium level switching up to 400 
ma, and high level switching including 
d-c to d-c converters, and static relays. 
Schematic diagrams, curves, and charts 
are used to show the appropriate de- 
sign and usage of inverters and flip- 
flops as basic building blocks for 
switching circuitry. The relationships 
of transistor switching circuitry to over- 
all systems, such as computers, are 
graphically presented. Pertinent prop- 
erties of the transistor which are neces- 
sary to obtain optimum performance of 
inveter and flip-flop circuits in differ- 
ent types of “transistor logic’ are also 
discussed. Philco Corp., Lansdale, Pa. 


Mechanization Savings Report... 


A 4-page report discusses in detail 
the man-hour savings made possible by 
mechanizing security, maintenance, and 
supervisory personnel. The report 
shows how, by using a I-passenger elec- 
tric-powered Truckster, a typical com- 
pany can effect a savings of 67% in 
personnel transportation time. Sketch 
sheets and conversion tables enable the 
reader to sketch his plant layout and 
compute his savings in maintenance, 
supervisory, and security time in a few 
minutes. Cushman Motors, Lincoln, 
Nebr. 


Trade Literature 


“Variable Inductor Coils”... 


A 20-page catalog, replete with 
charts and data, graphically illustrates 
electrical parameters under various 
conditions for variable inductor coils. 
Eliminating the necessity for testing 
coils under specific conditions, the 
catalog charts what specific size variable 
inductor produce under 
given conditions. The charts may also 
be employed to predict electrical pa- 
rameters where certain conditions are 
met. Delevan Electronics Corp., 77 
Olean Rd., East Aurora, N.Y. 


coils will 


Foil Welding Article ... 


Reprints of an article by John 
Campbell, titled “Welding of Foil” are 
taken from a paper delivered before 
the American Welding Society conven- 
tion, which also appeared in the De- 
cember 1959 issue of the Welding 
Journal. Mlustrated with graphs and 
photographs, the article provides com- 
plete information on the control of 
process variables for the successful 
welding of foil. Problems and critical 
variables in the welding of foil by the 
tungsten-arc process are investigated 
under three main sections: inherent 
variables affecting welding; require- 
ments for satisfactory welding of foil; 
and effect of welding variables on joint 
properties. Request form ADR-125 from 
Air Reduction Sales Co. 150 E. 42nd 
St., New York 17, N.Y. 


Negative-lon Generators ... 


Booklet CE 860 tells how to build 
negative-ion generators, and how to 
measure their ion output. For a free 
copy of this 8-page publication, write 
to the Westinghouse Lamp Div., Mac- 
Arthur Ave., Bloomfield, N.J. 


Applications Booklets ... 


This company will present a practi- 
cal case history approach by offering 
a different booklet each month. Sub- 
jects to be covered will in each case 
highlight the common problems one 
would encounter in servicing failures 
within electric circuitry. The first book- 
let to be released will be titled “Pocket 
Size Test Instruments Saves Con- 
tractor Time, Wins Him Customers, 
and Helps Sell Rewiring Jobs.” Dept. 
DR-RS-3, Pyramid Instrument Corp., 
630 Merrick Rd., Lynbrook, N.Y. 


(Continued on page 54A) 
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An invitation to Engineers and Scientists 


The serious minded scientist and engineer who is considering a career change is 
frequently at a disadvantage because he does not know precisely what positions 
are available to him. Nor, until now, has he usually been able to find out in a 
professional, dignified, confidential way. 

To meet this professional need the Aerospace Engineering Division of Hughes 
Aircraft Company announces the inauguration of a new service for scientists and 
engineers which notifies you whenever an opening occurs which we believe may 
be of interest to you. 

An Engineering and Scientific Register has been established wherein you may record 
your qualifications and interests, even though you are working and not actively 
seeking a different position. Whenever new opportunities arise, this register is 
systematically and thoroughly searched. 

Hughes is constantly developing new frontiers in science that create needs for 
specialized knowledge and talent. When these needs arise, we first search the 
records of present employees; but new developments frequently create a de- 
mand for key additions to our scientific and engineering staffs. 

Through Hughes’ Engineering and Scientific Register, we know about you, what you 
can do and what you would like to do. When a challenging opportunity develops 
that fits your particular qualifications and desires, we can get in touch with you. 
You do not make application for employment and no contact is made with 
present or past employers. You merely permit us to advise you whenever an 
opening occurs which we believe may be of interest to you. At that time you can 
decide whether you wish to accept our invitation to be considered as a candi- 
date for the position. 

If you would like to be listed in our Engineering and Scientific Register, we cordially 
invite you to fill out and mail the request below. 


HUGHES AIRCRAFT COMPANY 


AEROSPACE ENGINEERING DIVISION 


Administrator, Engineering & Scientific Register 
Hughes Aircraft Company 
Culver City 18, California 


Please send the form (not an application form) on which to profile 
my professional background, experience and interests for inclusion 
in the Hughes’ Engineering and Scientific Register. 


Name 





Address 





City State 





Professic mal Field 








ins: sihtaldiatinmeigeliiiAiaseniesil 
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NOW 


Design your own Voltage 
Regulating Transformer with 


NEW Sorensen Series M 


A new concept in magnetic regulator engineering — 


custom design at standard model prices and delivery. 


Sorensen's new Series M line of magnetic voltage regulators offers you 
a choice of thousands of design combinations to meet your specific 
requirements for line, filament or power supply application. 

Line regulation to + 1%. Complete line isolation. Low external field. 
Four convenient case styles. Output ratings from 10 to 10,000 VA. In- 
cludes all popular a-c voltages and windings rated for d-c supply service 
at voltages from 2.3 to 1000 vdc. Harmonic filtered units available. 


Get complete information on this new con- 
cept in voltage regulating transformers today. 
Write for Sorensen's 10-page Series M bulletin. 
Sorensen & Co., Richards Ave., South Norwalk, 
Connecticut, or contact your local Sorensen 
representative. | 


A SUBSIDIARY OF RAYTHEON COMPANY 


Visit us at Booth 2604 at the IRE Show 


Trade Literature 


(Continued from page 52A) 


Plastics Career Guide... 


Now available is this 8 page, 2-color 
brochure “Plastics as an Engineering 
Career.” Included in the brochure are 
brief descriptions of plastics materials, 
the plastics industry, role of the plas 
tics engineer, and engineering organi- 
zation in plastics. The brochure, illus- 
trated by line drawings and graphs, 
covers the training of a plastics engi- 
neer, and describes typical job oppor- 
tunities after college. In addition, back- 
ground material and data on the his- 
tory and development of both polymers 
and the plastics industry are included. 
Society of Plastics Engineers, 65 Pros- 
pect St., Stamford, Conn. 


War Gaming Brochure ... 


A new 10-page brochure covers war 
gaming and military operations re 
search. Called “Trends in Military Op- 
erations Research,” the booklet covers 
the development of a soldier-scientist 
relationship in operations research, the 
urgent need for data, and war gaming 
as a partial substitute for field experi- 
ence. It also points out the increasing 
need for the synthesis of accumulated 
knowledge of military operations re- 
search. Technical Operations, Inc., 
Burlington, Mass. 


Boiler Automation... 


A definitive, illustrated study of the 
current status and future of boiler 
automation is contained in Bulletin 
G-101, “Automation.” The bulletin was 
originally presented as a paper to the 
1960 American Power Conference. 
Adv’g Dept., Babcock and Wilcox, 161 
E. 42nd St., New York, N.Y. 


Lighting Design Booklet ... 


This 12-page illustrated booklet 
contains thorough coverage of lighting 
terms, formulas, and important design 
factors for easy reference. The photo- 
metric CU tables (pendant and surface 
mounted data plus 10° and 30% floor 
reflectances) provide a guide to lighting 
design calculations. Area lighting sys- 
tems are covered by formulas and CU 
tables for both panel and louver-type 
ceilings. On the back page is a listing 
of current recommended illumination 
levels for many applications. Sylvania 
Electric Products, Inc., One 48th St., 
Wheeling, W. Va. 
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Wavelength Calibrators .. . 

Wavelength calibrators for infrared 
spectrophotometers are now offered at 
no cost. A polystyrene film in one end 
of the calibrator may be inserted into 
the sample compartment of most infra- 
red spectrophotometers. By comparing 
the spectral curve produced by the film 
with a polystyrene curve printed on the 
back of the calibrator, the operator is 
able to check the instrument for cali- 
bration, stray light. 
Technical Dept., Beck- 
man Scientific and Process Instruments 
Div., Fullerton, Calif. 


resolution, and 


Information 


Precision Resistance 
Measurement... 


Issue no. 3 of “Design Ideas” pre- 
sents the second part of the previous 
issue’s discussion of 3- and 4-terminal 
precision resistance measurement tech- 
niques. Part II describes in detail the 
latest techniques and equipment for 
calibrating a resistor of any value with 
predictable accuracy relative to a single 
certified standard. Electro 
Scientific Industries, 7524 8. W. Ma- 


cadam Ave., Portland 19, Ore. 


resistance 


Welding Wall Charts ... 


wall show the 
traits of the Oxy-LP 
Gas flame in comparison with the Oxy- 


These two charts 


distinguishing 
Acetylene flame. Each chart has nine 
reproductions in full color, with fou 
illustrations referring to the welding 
flame, and five to the cutting flame. 
The charts are 11 by 17 inches in size. 
Public Relations Dept., Smith Weld- 
ing Equipment Corp. 2633 S. E. Fourth 
St., Minneapolis 14, Minn. 


Ferrite Data Sheets ... 


\ new 
sheets on high-power ferrite circulators 


series of engineering data 


and broadband, low-power ferrite iso- 
been The 
sheets contain the latest 
information on electrical and mechani- 
cal specifications for these microwave 
ferrite devices. The 21 data sheets in- 
clude outline drawings with dimen- 


lators has made available. 


2-color data 


sions. Microwave Associates, Inc., Dept. 
DB, Burlington, Mass. 


Electrical Insulations Catalog .. . 


A 28-page catalog contains sugges- 
tions on a variety of flexible composite 
electrical insulations. The catalog de- 
scribes the function of electrical insula- 
tion and explains the application, prop- 
erties, and types of the company’s line 
of combinations and constructions. M/i- 
lam Electric Mfg. Co., 1100 Elmwood 
Ave., Providence 7, RI. 
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Materials Handling Ideas... 


This 80-page booklet is entitled 
“Handbook of Cost Cutting Materials 
Handling Ideas.”” The handbook con- 
tains discussions of current materials 
handling problems. It includes the pros 
and cons on such subjects as narrow 
vs. wide aisles, walkies vs. rider-type 
trucks, specials vs. standard trucks, pal- 
let vs. palletless handling, and sclec- 
tion of the right truck for the job. 
Also, a thesis on how to analyze ma- 
terials handling in your plant, flow 
charts, truck battery calculator charts 
for selecting the correct battery, and 
case proven cost-cutting 
truck applications. Automatic Trans- 
portation Co., 149 W. 87th St., Chicago 
20, Il. 


histories of 


Metallurgy Miniaturization .. . 


The latest Metallurgy 
Quarterly features case histories of a 
variety of small, complex powder metal- 
lurgy parts, illustrating the role of this 
miniaturization. The ap- 
plications include stainless 
nozzles used in electric steam irons, a 
high-density file-hard steel flint guide 
block for a cigarette lighter, a brass 
cam follower tip made to +0.001-inch 
tolerance, and small stainless bushings 
that operate at 1,400 F in an 
motive heat control assembly. A special 
feature in this issue is a description of 
sintered nickel cadmium batteries and 
their application in powering satellites. 
News of the industry and a calendar 
sections of the 


Powder 


process in 
described 


auto- 


of meetings of local 
American Powder Metallurgy Institute 
are included. Metal Powder Industries 
Federation, 60 E. 42nd St., New York 


IF, ANE 


Solder Alloy Bulletin... 


Technical data bulletin 
Alloy D-800, a 

strength low-temperature solder alloy. 
The alloy is a preform material able 
to withstand loads at elevated temper- 
atures without serious deformation. At 
200 C, the material is 80°, harder than 
solder alloys. The _ bulletin 
Alloy D-800 is suitable for 
semiconductor processing as a lead base 
N-type ohmic junction material, con- 
taining neither boron nor free iron. 
Listed is all data as specific 
gravity, weight, compressive 
strength, fatigue strength, and tensile 
strengths and hardness at various tem- 
peratures. Accurate Specialties Co., 
Inc., 345 Lodi St., Hackensack, N.]. 


Z-105 de- 


scribes new  high- 


normal 
shows that 


such 
specific 


(Continued on page 56A) 





| 
| 
| 
| 
| 
| 
| 
| 
| 





DIELECTRIC 
TEST 
EQUIPMENT 


40 KV Model is 

a one-man porta- 

ble set for main- 

, tenance d-c tests. 

Maximum safety 

built in. Simple 

operation. Relia- 

ble performance. 

You get excel- 

lent output volt- 

age with facilities for voltage and 
leakage current measurements. 

Also available: model for operation 
up to 100 KV and another for opera- 
tion to 5 KV. Useful for development 
work to test d-c dielectric strength of 
insulating materials and adequacy of 
design of insulation in equipment; 
also in production tests for non- 
destructively detecting defects in elec- 
trical insulation. 


Write for BULLETIN 22-EE 
BIDDLE : 
=x" JAMES G. BIDDLE CO. 


Electrical and Speed Measuring Equipment 
1316 Arch Street, Philadelphia 7, Pa 








MECHANICAL 
ENGINEER 


10 to 12 years experience in 
mechanical engineering for cen- 
tral station generating plants, 
good portion of which should 
have been on design. Detailed 
knowledge of turbines, boilers, 
and mechanical auxiliary equip- 
ment essential. Prefer man with 
BSME and 35 to 40 years old. 


Will be principal contact man 
on mechanical engineering prob- 
lems with design consultants on 
power plant projects. Should be 
capable of handling design work 
on small projects. 


Probable starting salary $9000 
to $12000. Give complete de- 
tails of education, work respon- 
sibilities and accomplishments, 
recent photo, and salary ex- 
pected. 


BOX 120 
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Trade Literature 
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® 

Discover the advantages of GLASTIC ! Ceramic Data Bulletin . . . 
Bulletin 121 describes the new 
a HT-1 series of high heat and wear re- 
Hi h Im act sistant ceramics. Applications are listed, 
as well as complete data on the three 
basic types available: Duramic HT-1-A, 
Sia th HT-I-B, and HT-1-C. The data in- 
g cludes information such as_ specific 
gravity, softening temperature, hard- 
ness, thermal expansion coefficient, ten- 
sile strength, compressive strength, di- 
electric constant, power factor, and 
thermal conductivity. The bulletin also 
lists sizes and tolerances available along 
with fastening methods. Duramic Prod- 


ucts, Inc., 426 Commercial Ave., Pali- 
sades Park, N. J. 


Power Supplies Bulletin... 


A 2-page product information bulle- 
tin (Series 701) describes this line of 
high-voltage power supplies with out- 
put voltages of from 40 to 40,000 volts. 
The bulletin, entitled “Power Pack- 
ages for Outputs of 40 to 40,000 Volts,” 
describes the use of AMpLI-FILM, the 
AMP high-voltage dielectric, to insure 
tight regulation and low ripple voltage. 
The second page of the bulletin gives 
complete specifications for a representa- 
tive group of six of the Capitron Di- 
vision power units. Specifications for 
each unit include data on input, out 


GLASTIC Class B electrical insulation offers cea dedpekaictianen aaP 
4 . P Inc., Harrisburg, Pa. 
material savings, product improvement 


Save the cost of excessive thicknesses of phenolic laminates! Reproduction Selector Chart . . . 


Glastic Grade TS—as well as the 10 other standard Glastic grades Applications and specifications for 
—offers up to 20 times the impact strength of phenolic laminates. a broad range of diazotype reproduc- 
This high impact strength allows the use of thinner sections while tion materials are condensed for easy 
still providing a higher factor of safety. Thinner sections mean reference in this dual-purpose selector 
outstanding material-cost savings. chart. Printed on heavy stock, the I1- 
by 17-inch Selector Chart lists all uses, 
The Glastic engineering staff is ready to help you investigate the base materials image colors, printing 
savings and product-improvement you may make by specifying speeds, stocks, trade names, price 
Glastic fiber glass reinforced polyester laminates. Tell us your ranges, sheet and roll sizes, and eradi- 
requirements; we'll send free samples for your evaluation. Or write cators. All types of materials are classi- 
for our new chart that lists 28 physical, thermal and electrical fied broadly by the dry (ammonia) proc- 
properties of 11 standard Glastic grades. ess, and by the semimoist (alkaline and 
nonalkaline) process. The selector may 
be used as a wall chart in the repro- 
duction department, or as a file-folder 
reference aid in engineering, drafting, 


~ ; 
SSS » systems, and purchasing departments. 
Utility of the chart for personnel not 


THE GLASTIC CORPORATION directly concerned with reproduction 


is increased by inclusion of a simplified 
4312 Glenridge Road Cleveland 21, Ohio description of the basic diazotype posi- 
tive copy (white-print) process. Fred- 
Laminates + Custom Molding « Extruded Shapes » Channel Stock + Insulators erick Post Co., 3650 N. Avondale Ave., 
Chicago 18, Ill. 
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CLASSIFIED ADVERTISING 


For help and situations wanted, 2.25 per line, 
minimum 5 lines, maximum 30 lines. Sale and 
purchase of used machinery, etc., $3.00 per line, 
not available to dealers. Address orders to: Clas- 
sified Section, ELECTRICAL ENGINEERING, 6th 
Floor, 33 West 39th Street, New York 18, N. Y 


When answering an advertisement, send all re- 
plies to box number specified, c/o ELECTRICAL 
ENGINEERING, 6th Floor, 33 West 39th Street, 
New York 18, N. Y., unless other address is 
given. 











Positions Open 


PROFESSOR OR ASSOCIATE PROFESSOR of 
Electrical Engineering to teach and do research 
in the field of communications. Should have 
Ph.D., teaching and research experience. Write 
Box 56. 


TEACHING AND RESEARCH. Opening for 
Electrical Engineer with Ph.D. to supervise 
graduate research and do some teaching. Re- 
search experience in microwave or semicon- 
ductors desirable. Private research or consulta- 
tion encouraged. Excellent salary and rank ar- 
rangements. Department offers work leading to 
Ph.D. Position available September 1961 or 
sooner. Apply to Chairman, Electrical Engineer- 
ing Department, Vanderbilt University, Nash- 
ville 5, Tennessee. 


rEACHING POSITIONS. The Electrical Engi 
neering Department of the City College of New 
York has several positions available on the 
teaching staff beginning September 1961. Rank 
and salary commensurate with qualifications and 
experience. Opportunity for graduate study. Ap 
plicants must be present residents of the United 
States. Address inquiry to Professor H. Taub 
Department of Electrical Engineering, The City 
College, Convent Avenue at 139th Street, New 
York 31, New York. 


ELECTRICAL ENGINEERING FACULTY be 
ing expanded in relatively new and rapidly 
growing department, with positions available t« 
rank of Associate Professor with initial salary 
range to $6000 for base year of nine-months 
depending upon education and experience. Fur 
ther opportunity for reseearch and other pro 
grams in this industrial area. Preferred back 
ground emphasis in field and circuit theory, elec 
tronic systems and control. Address full back 
ground to Chairman, Electrical Engineering, 
University of Bridgeport, Bridgeport 4, Connec- 
ticut 


ELECTRICAL ENGINEER for development and 
design of automatic AC Voltage Regulators. De 
sign experience with Servo mechanisms and 
electro-mechanical assemblies desirable. Must be 
able to handle projects with minimum of super- 
vision. Location—Midwest. Write Box 118. 


ELECTRICAL ENGINEER for design and de- 
velopment of power and distribution transform- 
ers. B.S.E.E. Experienced. Send resume of edu- 
cational background and experience in confi- 
dence to D. Ortenzatos, Niagara Transformer 
Corp., P. O. Box 23, Buffalo 25, N. ¥ 


ASSOCIATE PROFESSOR AND DIRECTOR 
OF RESEARCH in Electrical Engineering. To 
have the responsibility for developing a research 
program including the securing of research con- 
tracts and the directing of research activity. 
Salary depending on experience and academic 
background. Write to Head, Electrical Engineer- 
ing Department, South Dakota School of Mines 
and Technology, Rapid City, South Dakota. 
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ELECTRICAL ENGINEER, 6 or 8 years ex- 
perience in electric utility engineering, power 
plant electrical, substations, system planning, 
calculating board studies—no distribution. Re- 
tirement and sick benefits. Send resume to: 
Brazos Electric Power Cooperative, Inc., 2404-12 
LaSalle Avenue, Waco, Texas. 


COMMUNICATION ENGINEER, college grad- 
uate with several years’ experience and good 
technical background, including radio system 
application or installation. Consulting engineer- 
ng firm in New York City. Box 122. 


PFEACHING AT ALASKA. An opening for an 
assistant professor of electrical engineering—to 
teach and do research on Northern problems in 
power or on the ionosphere and the aurora. 
Industrial experience or masters degree required. 
Or for an instructor with less preparation. We 
are building a new university in a new state. 
This is an opportunity for a modern pioneer. 
Write air mail to Department of Electrical En- 
gineering, University of Alaska, Box 497, College, 
Alaska. 


COMMUNICATIONS ENGINEER: Graduate 
Electrical Engineer with minimum of three years 
experience in microwave, carrier and two-way 
radio systems. Position located in San Bernar 
dino in Southern California close to the beaches, 
mountains and desert resorts. If interested in 
expanding company with excellent future pos- 
sibilities, submit complete resume of education, 
experience and salary requirements to the Per 
sonnel Department, California Electric Power 
Company, P. O. Box 1029, San Bernardino, 
California. 


ELECTRICAL ENGINEERING TEACHING 
POSITION. Ph.D. degree required. Teaching 
experience desirable but not necessary. Excellent 
opportunity for young man interested in teach- 
ing electronics, network theory, control systems 
and computers at undergraduate and graduate 
level. Appointment effective September 1961. 
Write to Chairman, Electrical Engineering De 
partment, University of Houston, Houston 4, 
Texas. 


SALES ENGINEER. Aggressive young, graduate 
Electrical Engineer with experience in Industrial 
Sales. Prepare quotations and sell custom-made 
transformers in the Midwest. Salary and Com- 
mission. Send resume to Box 125. 


ELECTRICAL ENGINEER wanted as_ senior 
Transformer Design Engineer. Ten or more years 
experience in distribution and power transformer 
design is necessary. Position of particular interest 
to an engineer desiring to join a new and rapidly 
expanding organization where working condi 
tions and job opportunities are good. Salary com 
mensurate with experience. Location Winnipeg 
CANADA. Box 126, 


Positions Wanted 


ELECTRICAL ENGINEER — manager. Eight 
years chief electrical engineer, three years as 
sistant manager consulting office. Military and 
commercial design. Graduate. Registered. Now 
in Europe. Will relocate. Box 121. 


B.S.E.E., eleven years’ commercial, residential 
power promotional experience, including heating 
—airconditioning. Age 39. Box 123. 





REDUCED CORE LOSS... 
LESS EXCITING CURRENT 
WITH NEW WESCOR* CORE 


New Westinghouse Wescor core com- 
bines the improvements in quality and 
permeability of Hipersil® steel with a 
newly developed method of forming a 
series of step-lapped core joints. Re- 
sult: higher possible working induc- 
tions in the magnetic circuit. In fact, 
core loss is 33% less than equivalent 
type C core . . . with comparably lower 
exciting current. 

Wescor cores are pretested and ship- 
ped from stock in 27 sizes, ranging from 
30 to 400 pounds. More details from 
your nearest Westinghouse representa- 
tive, or write Westinghouse Electric 
Corporation, P. O. Box 868, Pittsburgh 
30, Pennsylvania. *Trademark 


You can be sure ... if it’s Westinghouse 
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INDEX TO ADVERTISERS 


Acme Electric Corp. 
Allen-Bradley Company 
Allis-Chaimers Mfg. Co. 
American Brass Company . 
Anaconda Wire & Cabie Co. 
Armour Research Foundation 


Arnold Engineering Co. 


Bell Telephone Laboratories 
Biddle Co., James G. 
Bourns, inc. 


Bussmann Mfg. Co. 


Chase-Shawmut Co. 

Circle Wire & Cable Corp. ....... ee« 
Classified Advertising 

Copperweld Steel Co. 


Cutler-Hammer, Inc. 


Electro-Optical Systems, Inc. 
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Third Report on Survey of 


Electric Utility Applications 
of Digital Computers 


This listing and description of electric utility applications 
of digital computers is a revision of AIEE Special Publica- 
tion S-109. Included are solicited contributions from pri- 
owned utility systems having 


vately owned and_ publicly 


more than 75.000 custom meters. 

Presented at the AIEE Winter General Meeting, New 
York, N.Y.. January 29—February 3, 1961. 
Prepared by AIEE Computer 
of the AIEE System Engineering Committee. 


Application Subcommittee 


Send $2.50 for S-109-A to 





i 





anus Order Department 
AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 
33 West 39th Street, New York 18, New York 
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Federal Pacific Electric Co. ....cceccccccccccccscesssscsss 20A-21A 


G & W Electric Specialty Co. ...ccccccccccccccecces 
Garrett Corp. 
General Electric Co. 


General Radio Co. 


Hoosier Engineering Co. .. 


Hughes Aircraft Co. 
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International Business Machines Corp, .....ecceeeseesesereees 


i T E Circuit Breaker Co. 


Kerite Co, cccccccccccescoccescoccoccccccecs SOA-BIA 


Lockheed Missiles and Space Division ..cccccsccccsccesesesess 


McGraw-Hill Book Co, ..cccccccccccccccccccccccccccsccesces 


Notional Electric Coil Co. ccccccccccccccccccccccccescccccces 


Ohio Brass Co. 
Ohmite Mfg. Co. .. 
Okonite Co. 


Personnel Service Inc. 
Picatinny Arsenal 


Professional Engineering Directory .... 


Sel-Rex Corp. 

Simapton: Wire & Cable GO ccccccdisscveccdoveusesccsoasees 2nd cover 
Sorensen & Co. 
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Sorgel Electric Co. 


Southern States Equipment Corp. 
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Westinghouse Electric Corp. 
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Following pioneer achievements in reactor power 
plant developments, The Knolls Atomic Power 
Laboratory is now studying major problems in 
reactor and power plant simplification. Solutions 
to be achieved may considerably advance nuclear 
reactor applications. 


Working on unique developmental problems at 
KAPL, engineers and scientists have access to an 
unusually broad range of specially-designed ex- 
perimental and test equipment... as well as the 
advantages of inter-professional consultation 
with experts in a number of related fields. Ad- 
vanced nuclear studies are available at both the 
Laboratory and nearby colleges. 


UCLEAR ENGINEERS AND SCIENTISTS 


You are invited to inquire about openings in: 


Power plant test and analysis / Instrumentation 
controls design / Power plant equipment design 
Reactor nuclear analysis / Theoretical physics 
(PhD) / Experimental physics / Statistical meth- 
ods application (PhD) / Reactor mechanical 
design / Hydro-thermal engineering computations 

Coolant technology / Reactor service equip- 
ment design / Numerical analysis / Electrical 
systems design. 


Please send resume-—including salary require- 
ment—in strict confidence to Mr. F. W. Snell, 
Dept. 27-MC. U.S. Citizenship and appropriate 
engineering or scientific degree required. 
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Cumulative Index 1950-1959 


$29B 


A 10-year cumulative multientry to Parts |, Il, and Ill of the AIEE Transactions comprised of over 40,000 entries 
by subjects and also authors is now available at the price of $8.00 to members; $12.00 to nonmembers. Bound in a hard 
cover with green cloth, gold-embossed to match the volumes of the Transactions, the index consists of 400 pages. Since 
the edition is limited, please place your order on the coupon below as promptly as possible. Discount to college and 
public libraries 25% of the nonmember price; to publishers and subscription agencies 15% of the nonmember price. 


DETACH ————————-—-—-—-—— 


(Please print) AMERICAN INSTITUTE OF 
ELECTRICAL ENGINEERS 

33 WEST 39TH STREET 

NEW YORK 18, N. Y. 





[_] College Library [] Public Library [[} Publisher [] Agency 


Remittance of $ is enclosed for publication S29B. 


(CONTENTS—PRINTED MATTER) 


Type ad print on return mailing label 3 POSTMASTER: This parcel may be opened for postal inspection if necessary. 
Return postage guaranteed. 
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ELECTROMAGNETIC 
COMPATIBILITY 
ANALYSIS 
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Here is your opportunity 
for professional growth ina 
challenging and extremely 
interesting field, as a mem- 
ber of an outstanding and 
stimulating scientific team, 
Armour Research Founda- 
tion, specialist in electronic 
interference evaluation, is 
now expanding its facilities 
and staff requirements in 
the area of Electromag- 
netic Compatibility Anal- 
ysis. We are looking for 
qualified electronic engi- 
neers at all levels (B.S. 
through Ph.D.) for research 
and applied studies con- 
cerned with system anal- 
vsis and performance 
prediction Immediate 
openings are available at 
either our Chicago or 
Washington, D. C. area 
facilities for individuals 
with experience in one or 
more of the following 


fields ... 


RADAR 
MICROWAVES 
ANTENNAS 
COMMUNICATION 
PROPAGATION 
CIRCUIT ANALYSIS 
MEASUREMENT AND ANALYSIS 
TACTICAL EVALUATION 


In addition to to the cited 
professional status, staff 
members receive attrac 
tive salaries, up to four 
weeks vacation, generous 
insurance and _ retirement 
benefits, and tuition paid 
graduate study. If you are 
interested in one of these 
professional opportunities 
please reply in confidence 


to Mr. R. B. Martin 


ARMOUR 
RESEARCH 
FOUNDATION 


OF ILLINOIS INSTITUTE OF TECHNOLOGY 
TECHNOLOGY CENTER, CHICAGO 16, ILL. 








P rofessional Engineering 


irectory 


Professional Engineering Directory Card 1” or 2” 12 times $180.00 





THE KULJIAN CORPORATION 


Engineers « Constructors « Consultants 


POWER PLANT SPECIALISTS 
(Steam, Hydro, Diesel) 
Utility « Industrial « Chemical 
1200 NO. BROAD ST., PHILA. 21, PA. 











MULTI-AMP Division 
MULTI-AMP ELECTRONIC 
CORPORATION 


g' gi s * Builders 
Portable Electric Test Equipment 
Field and Laboratory 1 ts; Load Boxes 
For low-voltage testing and calibrating of cir- 
cuit breakers, protective and overload relays, 
reclosures, watthour meters, fuse links. 
467 B Lehigh Ave. Union, N. J. 
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PETER F. LOFTUS CORPORATION 


Design and Consulting Engineers 
Electrical ©¢ Mechanical 
Structural ¢ Civil 


: 
Nuclear © Architectural 
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FIRST NATIONAL BANK BUILDING 


Pittsourgh 22, Pennsylvania 











SVERDRUP & PARCEL ENGINEERING CO. 


Engineers—Architects 


Electrical Studies & Planning 
Transmission—Distribution—Control 
Power Plants—tndustrial Plants 
Test Facilities—Development—Design 
Supervision of Construction 


St. Louis San Francisco 








SARGENT & LUNDY 
ENGINEERS 
Consultants to the Power Industry 


STUDIES « DESIGN + SUPERVISION 
140 South Dearborn Street, Chicago 3, lil. 
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INTERNATIONAL 
ENGINEERING COMPANY. INC. 


Engineers 
Investigations—Reports—Design 
Procurement—Field Engineering 

— Domestic and Foreign 
74 New Montgomery St., 
San Francisco 5, Calif. 











DE LEUW, CATHER & COMPANY 
CONSULTING ENGINEERS 


Public Transit Subways 

Traffic & Parking Railroad Facilities 
Expressways Industrial Plants 
Grade Separations Municipal Works 
Urban Renewal Port Development 


150 North Wacker Drive, Chicago 6 
San Francisco New York Boston 





BOSTON WASHINGTON 








JACKSON & MORELAND, INC. 


Jackson & Moreland International, Inc. 
ENGINEERS and CONSULTANTS 
Electrical——-Mechanical—Structural 

Design and Supervision of Construction 


; ° 3 
Utility, Industrial and Atomic Projects 
Surveys—Appraisals—Reports 
Technical Publications 
NEW YORK 

















Pioneer Service & Engineering Co. 


Consulting & Design 
Engineers 


Public Utilities—Itndustrials 
Purchasing—Construction Management 


231 So. La Salle St. 





Chicago 4 








CONSULT THIS 
DIRECTORY 
when in need of specialized 


engineering service 
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RESPONSE | 
CHARACTERISTICS | 
OF THE ANALYZER 77 i/7 7 
Bandwidth at t 
3-db points: 
NARROW: 8% of 
center frequency 
ONE-THIRD 
OCTAVE: 23% of 
center frequency 











This Sound and Vibration 
Analyzer... 


Frequency range: continuously tunable from 2.5c to 25 ke 
in four ranges. 

Two constant-percentage bandwidths: ‘‘narrow’’, and 
“one-third octave"’ (see plot) and an ‘‘all-pass’’ position 
for measurement of overall level. 

Input voltage range: 100 uv to 30v. 

Direct reading in sound-pressure level, one-third 
octave-band level, or input volts. 

Battery-operated for field use 

Price... $1060. 


Helped Solve This Problem 


These third-octave measurements were made in an office that 
was troubled by low-frequency noise. The culprit — a nearby 
air compressor. Vibration measurements at the compressor 
indicated that the trouble was not caused by 
structure-born vibrations. The offender proved 
to be the pulsations of air at the compressor’s 
intake. Corrective measures were taken, and the 
resulting sound spectrum in the office was con- 
siderably improved. These measurements were 
made with the 1554-A Sound and Vibration 
Analyzer, an appropriate transducer, and a pre- 
amplifier with good low-frequency response. 
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FREQUENCY 4 CYCLES PER SECOND vw Cre FORGUENECY im CYCLES ER SECOND 


Vibration spectrum “*‘Before” corrective “‘After’’ corrective 
of compressor measures — measures — 
office sound spectrum office sound spectrum 


SPECTRUM ANALYSIS with the Graphic Level Recorder 


Sound and Vibration Analyzer is conveniently coupled to the drive unit 
of the G-R 1521-A Graphic-Level Recorder for continuous narrow-band 
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Shown is response of loudspeaker excited by pink noise with Analyzer set for one-third-octave mode. 


Write For Complete information GENERAL RADIO COMPANY 


WEST CONCORD, MASSACHUSETTS 
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SHAWMUT’S ALL NEW 
ONE-TIME — The fuse that makes 
all other One-Times obsolete. Pro- 
vides modern protection for either 
old or new power circuits. Ask for 
Bulletin O-T 601. 





THIS 
NEW SHAWMUT “FIRST”’ 
IS THE ! 
IN ONE-TI >» SINCE 1900. 
WRITE FOR DETAILS 'OD 
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374 MERRIMAC ST., NEWBURYPORT, MASS. 
SUBSIDIARY OF I-T-E CIRCUIT BREAKER CO. 








